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S o i l  e ro s io n  i s  " th e  p ro c e s s  o f  de tachm en t and t r a n s p o r t a t io n  
o f  s o i l  m a te r ia ls  by e ro s iv e  a g e n ts " .  I t  i s  in f lu e n c e d  by th e  amount 
and i n t e n s i t y  o f  r a i n f a l l  and w in d , th e  s lo p e  o f  th e  la n d ,  th e  
ty p e  and c o n d i t io n  o f  v e g e ta t iv e  c o v e r ,  and th e  n a tu re  and p r o p e r t ie s  
o f  th e  s o i l  and, e x c e p t in  th e  t r u e  d e s e r ts  and th e  fro z e n  p o la r  
r e g io n s ,  la n d  i s  s u b je c t  t o  w a te r  e ro s io n  d u r in g  r a in s  i f  th e  
s o i l  i s  u n c o v e re d .
F o re s ts  a re  v e r y  e f f e c t i v e  in  c o n t r o l l i n g  e r o s io n ,  e s p e c ia l ly  
i f  th e y  a re  u n d is tu rb e d .  The t r e e  canopy in t e r c e p t s  r a i n f a l l  and 
re d u c e s  i t s  e n e rg y . D ro p s  t h a t  re a c h  th e  g ro u n d  a re  q u ic k ly  
ta k e n -u p  in  th e  l e a f  l i t t e r  and fro m  th e re  in t o  th e  h ig h ly  p o ro u s  
s o i l  s u r fa c e .  H ow ever, f o r e s t s  can o n ly  c o n t r o l  e ro s io n  e f f e c t i v e l y  
i f  th e y  a re  p r o p e r ly  managed (K ohnke and B e r t ra n d ,  1 9 5 9 ). The 
m a jo r  re a s o n s  f o r  s o i l  e ro s io n  a re  im p ro p e r c u l t i v a t i o n  m ethods and 
m ism anagem ent o f  t r e e  and h e rb a ce o u s  v e g e ta t io n ,  w h ich  le a v e  th e  
s o i l  s t r ip p e d  o f  p r o te c t io n  and hence s u s c e p t ib le  to  e ro s io n  by w ind  
and w a te r  [B row n e t . a l . , 1 9 6 8 ) .  The p r o te c t io n  o f  th e  s o i l  fro m  e ro s io n  
c a n n o t u s u a l ly  be th e  o n ly  p u rp o se  o f  f o r e s t  management, and m u l t i p le -  
use f o r e s t  management se e ks  t o  p ro v id e  th e  maximum b e n e f i t s  b o th  
d i r e c t l y  and i n d i r e c t l y .  D i r e c t  b e n e f i t s  in c lu d e  th e  p r o v is io n  
o f  e s s e n t ia l  co m m e rc ia l c o m m o d it ie s  such as s t r u c t u r a l  t im b e r ,
2p u lp w o o d , p ly w o o d , v e n e e rs , f ir e w o o d ,  b a rk  p ro d u c ts ,  t a r s ,  o i l s  
and r e s in s  and o th e r  m in o r  f o r e s t  p ro d u c e , such as h oney . I n d i r e c t  
b e n e f i t s  in c lu d e  p r o te c t io n  o f  s o i l  and s to c k  fro m  w ind  and e x p o s u re , 
r e g u la t io n  o f  s tre a m  f lo w ,  p r o v is io n  o f  r e c r e a t io n a l  f a c i l i t i e s  and 
a e s th e t ic  e f f e c t s .
The i n t e n s i t y  o f  use and management o f  f o r e s t  la n d s  has 
in c re a s e d  w i th  d e ve lo p m e n t and p o p u la t io n  in c re a s e s  and in  some 
c o u n t r ie s  p la n t a t io n s  have been e s ta b l is h e d  w ith  e x o t ic  s p e c ie s  
t o  in c re a s e  wood p r o d u c t io n .  T h is  s tu d y  i s  co n ce rn e d  w i th  th e  
e f f e c t s  o f  th e  e s ta b l is h m e n t  o f  P in u s  r a d ia t a  p la n ta t io n s  on th e  
e r o d i b i l i t y  o f  s o i l s  t h a t  fo r m e r ly  c a r r ie d  e u c a ly p t  f o r e s t .
1 .2  BACKGROUND
A u s t r a l ia  i s  one o f  th e  o ld e s t  c o u n t r ie s  g e o lo g ic a l ly ,  
b u t  a g r i c u l t u r a l l y  i t  i s  young (C la y to n ,  1 9 5 4 ) . B e fo re  th e  
a d v e n t o f  w h ite  man, in  1788, many o f  th e  h i l l s  and v a l le y s  w ere 
c o v e re d  w i th  dense f o r e s t  o r  g ra s s  and a lth o u g h  some e ro s io n  o c c u r re d ,  
as i s  e v id e n t  in  th e  e ro d e d  h o r iz o n s  o f  some a lp in e  s o i l s ,  th e  
n a tu r a l  b a la n c e  was u p s e t by th e  new s e t t l e r s  and a c c e le ra te d  e ro s io n  
o c c u r re d  as la r g e  a re a s  o f  la n d  w ere c le a re d  u n w is e ly  f o r  p a s tu re  
and f o r  c u l t i v a t i o n .
A u s t r a l i a 's  e ro s io n  p ro b le m s  now l i e  p r i n c i p a l l y  in  
th re e  f i e l d s : -
( l  ) th e  a r a b le  a re a s  used p re d o m in a n t ly  f o r  w h e a t-g ro w in g  
and damaged by b o th  w ind  and w a te r  e ro s io n ;
( 2 )  th e  h ig h la n d  g r a z in g  a re a s ,  w i th  adeq u a te  r a i n f a l l  b u t 
o v e r -g ra z e d  and w i t h  i n s u f f i c i e n t  a t t e n t io n  t o  p a s tu re  
d e v e lo p m e n t;
3( 3 )  th e  a r id  p a s to r a l  a re a s  w here p a s tu re  d e ve lo p m e n t o r
s t im u la t io n  has so f a r  p ro ve d  im p r a c t ic a b le  and s e v e re ly  
o v e rg ra z e d  (FAD, 1 9 5 3 ).
An o u t l in e  o f  th e  h i s t o r i c a l  a s p e c ts  o f  s o i l  e ro s io n  in  A u s t r a l ia  
and i t s  c o n t r o l  fo l lo w e d  by a b r i e f  d is c u s s io n  o f  th e  p r in c ip le s  o f  
p r e v e n t io n  o f  e ro s io n  is .  found  in  Condon (1 9 7 2 ) ,
The f i r s t  m a jo r  g o v e rn m e n ta l move to  c o r r e c t  th e  s e r io u s  
s o i l  e ro s io n  in  A u s t r a l ia  was th e  fo rm a t io n  o f  a S o i l  E ro s io n  Com­
m it te e  by th e  New S o u th  W ales Governm ent in  1933. F u r th e r  p ro g re s s  
to w a rd s  th e  fo rm a t io n  o f  s ta te  s o i l  c o n s e rv a t io n  o r g a n is a t io n s  was 
made a f t e r  th e  5 th  M e e tin g  o f  th e  A u s t r a l ia n  A g r i c u l t u r a l  C o u n c il 
in  A u g u s t 1937, and in  1946, a Commonwealth S ta n d in g  C om m ittee  on 
S o i l  C o n s e rv a t io n  was e s ta b l is h e d  on th e  recom m enda tio n  o f  th e  
A g r i c u l t u r a l  C o u n c i l .  The s ta n d in g  c o m m itte e  c o n s is te d  o f  heads 
o f  th e  S ta te  S o i l  C o n s e rv a t io n  O rg a n is a t io n s ,  r e p r e s e n ta t iv e s  fro m  
th e  fo rm e r  Commonwealth D e p a rtm e n ts  o f  P r im a ry  In d u s t r y  and I n t e r i o r  
and th e  Commonwealth S c i e n t i f i c  and I n d u s t r i a l  R esearch  O r g a n is a t io n .  
The m a in  f u n c t io n s  o f  th e  c o m m itte e  a re  t o  c o - o r d in a te  th e  w o rks  
o f  th e  s ta te  s o i l  c o n s e rv a t io n  s e r v ic e s ,  to  o b ta in  th e  c o - o p e r a t io n  
and a s s is ta n c e  o f  t r a in e d  p e rs o n n e l in  th e  r e la t e d  f i e l d s  and to  
u n d e rta k e  s p e c ia l  re s e a rc h  p r o je c t s .
P in e  p la n t in g  to  c o n t r o l  e ro s io n  began in  th e  second decade 
o f  t h i s  c e n tu r y  in  s e v e ra l b a re  a re a s  where e ro s io n  had been 
a c c e le ra te d  by o v e r - g r a z in g  and o v e r^ -c te a r in g ,  f o r  exam ple  in  th e  
U r ia r r a  and P ie rc e s  C reek  f o r e s t s  in  th e  A . C . T .
The A u s t r a l ia n  F o r e s t r y  C o u n c il a f t e r  i t s  e s ta b l is h m e n t  
in  1964, a g re e d  t h a t  A u s t r a l ia  s h o u ld  aim  f o r  an o v e r a l l  p la n t in g
4ra te  o f  30 ,300  ha (7 5 ,0 0 0  a c re s )  pe r ye a r to  p ro v id e  a t o t a l  o f  1 .2  
m i l l io n  ha (3  m i l l io n  a c re s ) o f  p la n ta t io n  to  make the  c o u n try  s e l f -  
s u f f i c i e n t  in  so ftw ood  by th e  ye a r 2000. The p re s e n t c o n ife ro u s  
p la n ta t io n s  c o v e r n e a r ly  h a l f  a m i l l io n  h e c ta re s  (T a b le  1 . 1 ) .
TABLb 1.1 C o n ife ro u s  P la n ta t io n  Areas as a t  31 March 1972 
(n e t  h e c ta re s )
S ta te  o r  T e r r i t o r y CrownLand
P r iv a te
P ro p e rty
Grand
T o ta l
New South Wales 05 ,Q79 17,171 103,050
V ic to r ia 50,194 55,648 105,842
Queensland 77,090 19,545 96,635
South  A u s t r a l ia 69,754 16,417 86,171
Western A u s t r a l ia 30,001 3,858 33,859
Tasmania 19,137 7 ,838 26,975
A u s t ra l ia n  C a p ita l T e r r i t o r y 12,698 - 12,698
N o rth e rn  T e r r i t o r y 2,671 20 2,691
T o ta l 347,424 120,497 467,921
-  N i l  o r  N e g l ig ib le  S ource : Based on F o re s try  and T im ber
Bureau Annual R eport 1972 /73 .
A h ig h  p ro p o r t io n  o f  th e  p la n ta t io n  programme in v o lv e s  a 
change in  fo r e s t  ty p e  from  e u c a ly p t to  c o n i f e r  and th u s  i f  th e re  a re  
s ig n i f i c a n t  changes in  s o i l  e r o d i b i l i t y  c h a r a c te r is t ic s  as a conse­
quence o f  p la n ta t io n  e s ta b lis h m e n t th e  changes may o ccu r o v e r a
la rg e  a re a .
51 *3 AIMS of the study
G iven th a t  p la n ta t io n  e s ta b lis h m e n t has been used as a 
s o i l  e ro s io n  c o n t r o l  measure and th a t  la rg e  a reas o f  p la n ta t io n  w i l l  
be e s ta b lis h e d  f o r  wood p ro d u c t io n  purposes i t  was dec ided  to  
examine th e  e f f e c t s  o f  such la n d  use changes on s o i l  p ro p e r t ie s  
r e la te d  to  e r o d i b i l i t y .  The fo l lo w in g  s i t u a t io n s  a re  co n s id e re d  in  
t h i s  c o n te x t : -
( i )  A reas a f fo re s te d  w ith  p in e s  and n a t iv e  hardwoods 
(E u c a ly p ts ) ;
( i i )  A reas s e v e re ly  d is tu rb e d  and eroded and now re v e g e ta te d ;
( i i i )  A reas w ith  c o n t ra s t in g  s o i l s ,  s lo p e s  and p a re n t m a te r ia l 
on w h ich  s im i la r  fo r e s ts  have e s ta b lis h e d .
6CHAPTER 2
REVIEW OF LITERATURE
2 .1  INTRODUCTION
E l l i s o n  (1 9 4 7 ) d e f in e d  s o i l  e ro s io n  as " th e  p ro c e s s  o f  
d e ta ch m e n t and t r a n s p o r t a t io n  o f  th e  s o i l  m a te r ia l  by e ro s iv e  a g e n ts " .  
D e p o s it io n  i s  th e  r e s u l t  o f  s o i l  e r o s io n .  D e tachm en t, t r a n s p o r t a t io n  
and d e p o s i t io n  a re  n a tu r a l  p ro c e s s e s  b u t can be caused by human 
a c t i v i t i e s  f o r  exam ple  m in in g ,  o v e r - g r a z in g ,  b u rn in g ,  o v e r - c u t t in g  
o f  f o r e s t s ,  and c i v i l  e n g in e e r in g  c o n s t r u c t io n  w o rks  such as dams 
and ro a d s .
E ro s io n  w h ich  ta k e s  p la c e  u n d e r n a tu r a l  c o n d i t io n s  i s  
v a r io u s ly  known as n o rm a l, n a tu r a l  o r  g e o lo g ic  e r o s io n ,  w h ile  e ro s io n  
due to  human a c t i v i t i e s  i s  known as  a c c e le ra te d  e ro s io n  o r  s im p ly ,  
EROSION. W ater and w ind  a re  th e  m ain n a tu r a l  a g e n ts  o f  e r o s io n .
W ate r e ro s io n  i s  a c t iv e  in  a l l  r e g io n s ,  a r id  as w e l l  as hum id .
E ro s io n  by w in d  i s  m ost a c t iv e  in  a r id  and s e m i- a r id  r e g io n s .  Hence­
f o r t h  th e  te rm  " e r o s io n "  w i l l  a p p ly  o n ly  to  a c c e le ra te d  e ro s io n  by 
w a te r .  (V o c a b u la ry  o f  s o i l  s c ie n c e  in c lu d in g  e ro s io n  i s  g iv e n  
in  A p p e n d ix  i ) .
2 .2  THE EROSION PROCESS
E ro s io n  i s  a w o rk  p ro c e s s , caused by th e  f a l l i n g  r a in d r o p s  
and s u r fa c e  r u n - o f f .  The p ro c e s s  b e g in s  when r a in d ro p s  s t r i k e  th e  
s u r fa c e  o f  th e  s o i l  and b re a k  down th e  c lo d s  and a g g re g a te s . D u r in g  
r a i n f a l l ,  b o th  f a l l i n g  r a in d r o p s  and f lo w in g  w a te r  a re  a c t iv e  in
7lo o s e n in g  and t r a n s p o r t in g  th e  lo o se  s o i l  p a r t i c le s .  Detachment 
may o c c u r w ith o u t t r a n s p o r ta t io n  bu t t r a n s p o r ta t io n  can o n ly  fo l lo w  
d e tachm en t. Maximum e ro s io n  o ccu rs  when the  d e ta c h in g  c a p a c it ie s  o f  
r a i n f a l l  and s u rfa c e  f lo w  a re  a t  le a s t  ba lanced by th e  t r a n s p o r t in g  
c a p a c ity .  The m a jo r ty p e s  o f  e ro s io n  a r e : -
( i )  Sheet e ro s io n ,  th e  rem ova l o f  s u r fa c e  s o i l  o ve r la rg e  
a reas ;
( i i )  G u lly  e ro s io n : th e  s o i l  and s u b s o il i s  gouged o u t in  
lo c a l iz e d  a reas  to  produce g u l l ie s ;
( i i i )  Tunnel e ro s io n : th e  s u b - s o i l  i s  washed d o w n h ill beneath
the  s u rfa c e  w ith  a subsequent c o lla p s e  o f  the  unsupported  
s u rfa c e  s o i l ;
( i v )  Stream o r  channe l e ro s io n : th e  u nd e rm in ing  and subs idence  
o f  th e  banks o f  r i v e r s  and c re e k s .
2 . 3 PHYSICAL CONDITIONS AFFECTING SOIL EROSION
S ys te m a tic  v a lu a t io n  o f  th e  fa c to r s  a f f e c t in g  e ro s io n  
s ta r te d  in  th e  1 9 3 C s . Baver (1933) re co g n ise d  th a t  th e  s e v e r i t y  
o f  e ro s io n  depended upon th e  a c t io n  and in te r a c t io n  o f  c l im a te ,  
v e g e ta t io n ,  topog raphy  and s o i l .  L a te r ,  in  1956, he in c lu d e d  
human a c t i v i t i e s  and summarised th e  fa c to r s  a f f e c t in g  e ro s io n  in
th e  fo rm :-
E = f [C ,T ,S ,V ,H )
where E = E ro s io n
C = C lim a t ic  f a c to r
T = T opograph ic  fa c to r
8S = S o i l  f a c t o r  
V = V e g e ta t iv e  f a c t o r  and 
H = Human f a c t o r .
These a re  s t i l l  a c c e p te d  as th e  m ain  p h y s ic a l f a c to r s  a f f e c t in g  
e r o s io n .
2 .3 .1  T o p og rap hy
T o p o g ra p h ic  fe a tu r e s  a re  o f  o u ts ta n d in g  im p o rta n c e  in  th e  
e ro s io n  p ro c e s s , because th e y  in f lu e n c e  th e  am ount and r a t e  o f  b o th  
r u n - o f f  and e r o s io n .  The to p o g ra p h ic  fe a tu r e s  in f lu e n c in g  e ro s io n  
a re  th e  s te e p n e s s , th e  le n g th  and th e  c u r v a tu re  o f  s lo p e .
2 .3 .1 .1  S lo p e  S teepne ss
The v e lo c i t y  o f  r u n - o f f  in c re a s e s  w ith  s lo p e  s te e p n e ss  and 
th e  pow er t o  d e ta c h , p ic k  up and t r a n s p o r t  s o i l  m a te r ia ls  a ls o  
in c re a s e s  and s o i l  lo s s  t h e r e fo r e  in c re a s e s  w i th  s te e p n e s s .
N ea l (1 9 3 8 ) used s im u la te d  r a i n f a l l  and a c o n s ta n t le n g th  
o f  s lo p e  to  d e te rm in e  th e  e f f e c t  o f  th e  s te e p n e s s  o f  s lo p e  on s o i l  
e ro s io n  and fo u n d  t h a t  s o i l - l o s s  was a f u n c t io n  o f  th e  deg ree  o f  
s lo p e  to  th e  pow er 0 .7 .  In  c o n t r a s t , v a lu e s  d o u b le  t h i s  have been 
r e p o r te d ,  w i t h  s o i l - l o s s  d e p e n d in g  on th e  d e g re e  o f  s lo p e  t o  th e  power 
1 .4  (Z in g g ,  1 9 4 0 ) . From th e  a n a ly s is  o f  a v a i la b le  d a ta  S m ith  and 
W isch rne ie r (1 9 5 ? ) d e v e lo p e d  an e q u a t io n  w h ich  i s  used to  e v a lu a te  
th e  s lo p e  f a c t o r s  o f  th e  u n iv e r s a l  s o i l - l o s s  e q u a t io n , th a t  i s : -  
A = D .43 + 0 .3 0  S + 0 .0 4 3  S2
where A = s o i l  lo s s  and 
S = s lo p e  p e r c e n t .
92 . 3 . 1 . 2  S lo p e  L e n g th
S o i l - l o s s  fro m  p lo t s  o f  d i f f e r e n t  le n g th s  re v e a le d  
c o m p a ra t iv e ly  h ig h e r  e ro s io n  from  s h o r te r  p lo t s  th a n  fro m  lo n g e r  p lo t s  
when r a i n f a l l  was l i g h t , b u t  h ig h e r  e ro s io n  from  lo n g e r  s lo p e s  th a n  
s h o r te r  s lo p e s  when r a i n f a l l  was heavy (D u le y  and Akerm an, 1 9 3 4 ).
From an a n a ly s is  o f  th e  e x is t in g  d a ta  Z in g g  (1 9 4 0 ) co n c lu d e d  t h a t  
s o i l - l o s s  fro m  f i e l d s  was a f u n c t io n  o f  s lo p e - le n g th  to  th e  pow er 
1 .6 .  S lo p e - le n g th  t o  th e  pow er 1 .3 7  was su g g e s te d  by M usgrave 
[1 9 4 7 )  t o  e v a lu a te  s o i l - l o s s  fro m  th e  f i e l d .  Van Doren and 
B a r t e l l i  (1 9 5 6 ) a ls o  used 0 .3 8  f o r  e s t im a t in g  s o i l - l o s s  p e r  u n i t  
a re a .  However a g ro u p  s tu d y  a t  Purdue U n iv e r s i t y  in  1956 c o n c lu d e d  
t h a t  f o r  f i e l d  use th e  v a lu e  o f  th e  le n g th  e xp o n e n t s h o u ld  be 
0 .5 +  0 .1  (S m ith  and W is c h m e ie r, 1 9 5 7 ).
2 . 3 . 1 . 3  S lo p e  C u rv a tu re
In  r e la t i o n  to  i n i t i a l  s lo p e  shape , se d im e n t lo a d  and 
d e p th  o f  e ro s io n  i s  g r e a te r  f o r  convex  s lo p e s  th a n  f o r  co n ca ve , 
u n ifo rm  and com p lex  s lo p e s .  Concave s lo p e s  showed th e  le a s t  
s e d im e n t lo a d  and e ro s io n  d e p th  (M eyer and K ram er, 1 9 6 8 ). Garde 
and Van Doren (1 9 4 9 ) s u g g e s te d  t h a t  th e  sequence o f  a d jo in in g  
segm ents was more im p o r ta n t  th a n  th e  s te e p n e s s  and le n g th  o f  s lo p e s  
in  th e  case  o f  s lo p e s  c o m b in in g  b o th  convex and concave  s u r fa c e s .
2 . 3 . 2  C lim a te
The m ain  c l im a t i c  f a c t o r s  th a t  d i r e c t l y  o r  i n d i r e c t l y  
a f f e c t  e ro s io n  a re  r a i n f a l l  and te m p e ra tu re .  Wind a ls o  a f f e c t s
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th e  p ro cess  d f  w a te r  e ro s io n  by p ro v id in g  a g re a te r  d rop  im pact 
v e lo c i t y  w h ich  g iv e s  h ig h e r  ene rg y  to  d is p la c e  s o i l  m a te r ia l .
2 .3 .2 .1  R a in fa l l
R a in f a l l  i s  th e  i n i t i a t i n g  f a c to r  in  th e  w a te r e ro s io n  
p ro c e s s . The am ount, in t e n s i t y ,  d u r a t io n  and d is t r ib u t io n  o f  
r a i n f a l l ,  and th e  c h a r a c te r is t ic s  o f  ra in -d ro p s  (shape , s iz e ,  and 
v e lo c i t y  o f  im p a c t)  a f f e c t in g  e ro s io n  have been e x te n s iv e ly  s tu d ie d  
(N e a l and B ave r, 1937; Laws, 1940; M a rs h a ll and P a lm er, 1948;
S p ilh a u s , 1948; Gunn and K in z e r ,  1949; W ischm eier and S m ith , 1958; 
D ragoun, 1962; and Rogers e t .  a l . ,  1 967 ).
W ischm eier ( i9 6 0 )  found  by m u lt ip le  re g re s s io n  a n a ly s is  
o f  p lo t  d a ta  th a t  th e  v a r ia b le  E l gave th e  b e s t in d ic a t io n  o f  a 
s to rm ’ s a b i l i t y  to  erode s o i l  (E i s  s to rm  t o t a l  k in e t ic  ene rgy  and 
I  the  maximum 30 m inu te  in t e n s i t y ) .  An e x c e l le n t  re v ie w  o f  the  
e f f e c t  o f  ra in d ro p  c h a r a c te r is t ic s  ( r a in d ro p  mass, s iz e ,  s iz e  d i s t r i ­
b u t io n ,  shape and v e lo c i t y )  and ra in d ro p  im pact and s p la s h  on s o i l  
e ro s io n  is  found in  S m ith  and W ischm eier (1 9 6 2 ).
2 .3 .2 .2  Tem perature  Changes
Tem perature  is  a n o th e r f a c to r  w h ich  has much to  do w ith  
i n i t i a t i n g  th e  w a te r e ro s io n  p ro c e s s . D a i ly  o r  seasona l te m p e ra tu re  
changes a f f e c t  th e  s o i l ' s  p h y s ic a l p r o p e r t ie s .  Tem pera tu re  changes 
a ls o  a f f e c t  the  v is c o s i t y  o f  w a te r and th u s  i n f i l t r a t i o n  and 
p e r c o la t io n .  The h ig h e r  th e  te m p e ra tu re , th e  lo w e r the  v is c o s i t y  
o f  w a te r and th e  h ig h e r  th e  r a te  o f  i n f i l t r a t i o n  and p e r c o la t io n .  
G r is s in g e r  (1966 ) re p o r te d  th a t  th e  s t a b i l i t y  o f  c o h e s ive  m a te r ia ls
decreased as th e  te m p e ra tu re  o f  th e  e ro d in g  w a te r in c re a s e d . He 
gave one example where th e  r a te  o f  e ro s io n  a t  20°C was about h a l f  
t h a t  a t  35°C .
2 .3 .3  S o i l
S o i l  p ro p e r t ie s  a re  a fu n c t io n  o f  c l im a te ,  o rgan ism s, 
r e l i e f  ( to p o g ra p h y ) , p a re n t m a te r ia l ,  tim e  and t h e i r  in te r a c t io n s .
S o i ls  under s im i la r  e nv iron m e n ts  shou ld  th e re fo re  have s im i la r  
m e ch an ica l, p h y s ic a l and ch e m ica l p r o p e r t ie s ,b u t  i t  has been found 
in  th e  f i e l d  th a t  under s im i la r  e n v iro n m e n ta l c o n d it io n s ,  some s o i ls  
erode e a s i ly  w h ile  o th e rs  r e s is t  th e  a c t io n  o f  e ro s iv e  a g e n ts .
The d if fe r e n c e  in  e r o d i b i l i t y  has been a t t r ib u te d  m a in ly  to  th e  s o i ls  
in h e re n t p h y s ic a l make-up and th e  chem ica l p ro p e r t ie s .
B enne tt (1926) was th e  f i r s t  to  e v a lu a te  by re s e a rc h  w ork 
th e  causes o f  the  d if fe re n c e s  in  e r o d ib i l i t y  o f  s o i l s .  W orking 
in  th e  l a t e r i t e  s o i ls  o f  Cuba, he examined im p o r ta n t p ro p e r t ie s  such 
as te x tu r e ,  s t r u c tu r e ,  o rg a n ic  m a tte r  and ch em ica l c o m p o s it io n , 
and showed an a ppa ren t r e la t io n s h ip  between th e  S il ic a :S e s q io x id e  
R a tio  ( th e  r a t i o  o f  A l^O ^ p lu s  Fe^O^ to  SiO,-,) and e ro s io n .  He 
found th a t  th e  n o n - f r ia b le  s o i l  g roup  had a r a t i o  g re a te r  than  2 , 
and th e  f r ia b le  g roup  le s s  th a n  2 .
In  th e  e a r ly  1 9 3 0 's  a tte m p ts  were made, w ith  v a ry in g  success, 
to  r e la te  some o f  th e  e a s i ly  m easurab le  p h y s ic a l and chem ica l 
p ro p e r t ie s  o f  s o i l  to  e ro s io n .  The p ro p e r t ie s  o f  s o i l  r e la te d  to  
e r o d i b i l i t y  can be c la s s i f ie d  a s : -
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( i )  Those t h a t  r e s i s t  d e t a c h a b i l i t y  and t r a n s p o r t in g  
fo r c e s  o f  r a i n f a l l  and r u n - o f f ,  and 
( i i )  Those t h a t  a f f e c t  th e  i n f i l t r a t i o n  r a t e  and p e r m e a b i l i t y .
2 .3 .3 .1  D e ta c h a b i l i t y
In  g e n e ra l d e t a c h a b i l i t y  in c re a s e s  w i th  th e  s iz e  o f  s o i l  
p a r t i c l e s ,  t h a t  i s , c l a y  p a r t i c l e s  a re  more d i f f i c u l t  t o  d e ta c h  th a n  
sa n d . R e s is ta n c e  to  d e ta ch m e n t i s  p ro v id e d  by " w a te r - s ta b le  ag­
g re g a te s "  , t h a t  i s , t h e  sa n d , s i l t  and c la y  p a r t i c le s  o f  th e  s o i l  a re  
g ro u p e d  in t o  masses t h a t  c l i n g  to g e th e r  even th o u g h  submerged in  w a te r  
(K ohnke , 1 9 6 6 ). Eden (1 9 6 1 ) c o n s id e re d  t h a t  lo s s  o f  s t r u c tu r e  by 
th e  s o i l  was th e  fu n d a m e n ta l cause  o f  s o i l  e ro s io n  and sub se q u e n t 
damage and t h a t  once crum b s t r u c t u r e  i s  d e s tro y e d ,  th e  p e r c o la t io n  
o f  w a te r  i s  impeded and th e  s u r fa c e  la y e r  i s  s a tu ra te d  more e a s i l y .  
Loosened p a r t i c le s  a re  b a th e d , lu b r ic a t e d ,  and bo rne  away, by w a te r  
w h ich  has to  f lo w  o v e r  th e  s u r fa c e  r a t h e r  th a n  s e e p in g  th ro u g h  to  
lo w e r  p a r t s  o f  th e  s o i l  p r o f i l e ,  and to  th e  w a te r  t a b le .
The s t a b i l i t y  o f  s o i l  crum bs was s tu d ie d  by Emerson (1954 
and 1 9 6 4 ) . He d e te rm in e d  t h e i r  r e s is ta n c e  to  breakdown in  w a te r ,  
and fo u n d  t h a t  th e  f a c t o r s  g o v e rn in g  th e  breakdow n o f  d r y  a g g re g a te s , 
when w e tte d  by a l i q u i d ,  w ere  s la k in g  o f  th e  a g g re g a te s  and d is p e r s io n  
o f  th e  c la y  in  th e  a g g re g a te s .  The c o h e s io n  o f  th e  crum b f e l l  
v e ry  r a p id l y  as w e t t in g  o c c u r re d  and th e  d e g re e  o f  breakdown caused 
by th e  im p a c t o f  f a l l i n g  r a in  t h e r e fo r e  depends on th e  c o h e s iv e  
s t r e n g th  o f  th e  w e t c ru m b s . D ry  s o i l  c rum bs , when immersed in  
w a te r  a re  u s u a l ly  u n s ta b le  and b re a k  up to  a v a r y in g  e x te n t  in t o
13
d is c r e te  fragm ents  ( s la k in g )  and t h i s  b reak up may proceed one s tage  
f u r t h e r  w ith  d is p e rs io n  i . e .  th e  re le a s e  o f  c la y .
Adams e t .  a l . . (1958 ) de te rm ined  th e  agg rega te  s t a b i l i t y  
f o r  th e  2 to  5 mm s iz e  f r a c t io n  o f  some Iowa s o i ls ,  and suggested 
th a t  s o i l  w h ich  b reaks down in to  many v e ry  s m a ll a g g re g a te s , o r  to  
p r im a ry  p a r t i c le s ,  would be more e ro d ib le  than  s o i ls  which b reak  down 
in to  in te rm e d ia te  s iz e  a g g re g a te s , th a t  is , re m a in  s ta b le .  Kohnke 
and B e rtra n d  (1959) summarised the  s o i l  p ro p e r t ie s  th a t  reduce 
d e ta c h a b i l i t y  as h ig h  a c t iv e  o rg a n ic  m a tte r  c o n te n t,  h ig h  c la y  
c o n te n t,  p re va le n ce  o f  d iv a le n t  io n s  among the  exchangeable c a t io n s ,  
h ig h  c o n te n t o f  w a te r s ta b le  a g g re g a te s , h ig h  amount o f  m ic r o b ia l 
a c t i v i t y ,  h ig h  f e r t i l i t y  to  s t im u la te  m icrobes and c ro p s , in te rm e d ia te  
m o is tu re  c o n te n t a t  th e  b e g in n in g  o f  th e  s to rm , and c o n s o lid a te d  
s u r fa c e .
2 .3 .3 .2  T ra n s p o r ta t io n
When th e  ra te  o f  r a i n f a l l  exceeds the  i n f i l t r a t i o n  ra te  
o f  w a te r in to  th e  s o i l ,  w a te r s t a r t s  to  f lo w  o ve r th e  s u rfa c e  o f  
s lo p in g  lan d  and t r a n s p o r ta t io n  o f  detached s o i l  p a r t ic le s  ta ke s  
p la c e . W ith  th e  same v e lo c i t y  o f  r u n o f f ,  v a r io u s  s o i ls  w i l l  erode 
d i f f e r e n t l y  depending on s e v e ra l im p o rta n t s o i l  p ro p e r t ie s .
The s iz e  o f  th e  p a r t i c le  (p r im a ry  o r  secondary) a f f e c t s  
the  movement o f  s o i l  under a g iv e n  v e lo c i t y  o f  w a te r . The v e lo c i t ie s  
o f  w a te r necessa ry  to  t r a n s p o r t  th e  d i f f e r e n t  s o i l  f r a c t io n s  a re : 
a f t e r  Baver (1933) -
0 .2 5  fe e t  p e r second
1 .00  "
2 .00
S i l t
Sand
G rave l I I
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Kohnke and B e rtra n d  (1959 ) s ta te d  th a t  s o i l  p ro p e r t ie s  
w hich reduce  t r a n s p o r t a b i l i t y  a r e : -  h ig h  pe rcen tage  o f  la rg e  
p r im a ry  (sand and g ra v e l)  and secondary  p a r t ic le s  (w a te r i-s ta b le  
a g g re g a te s ) , and h ig h  pe rcen tage  o f  o rg a n ic  m a tte r .  The d is ta n c e  
w h ich  eroded s o i l  p a r t ic le s  t r a v e l  depends p r im a r i ly  on t h e i r  s iz e ,  
d e n s ity  and shape,and v e lo c i t y  o f  r u n o f f  w a te r , and to  be r e s is t a n t  
to  t r a n s p o r ta t io n ,  a gg rega tes  must be so la rg e  th a t  th e y  canno t 
be f lo a te d  o f f  e a s i ly  (Kohnke, 1 966 ).
2 .3 .3 .3  I n f i l t r a t i o n
The i n f i l t r a t i o n  r a te  o f  a s o i l  i s  th e  maximum r a te  a t  
w hich a s o i l ,  in  a g iv e n  c o n d it io n  a t  a g iv e n  t im e , can absorb  r a in .  
P a rr  and B e rtra n d  ( i9 6 0 )  d e fin e d  i t  as th e  volume o f  w a te r p ass ing  
in to  th e  s o i l  p e r u n i t  o f  a re a  pe r u n i t  o f  t im e . The ra te  o f  
i n f i l t r a t i o n  in to  a d ry  s o i l  is  u s u a lly  v e ry  ra p id  f o r  a s h o r t  t im e . 
As th e  s o i l  becomes w e t, th e  i n f i l t r a t i o n  ra te  decreases r a p id ly  
u n t i l  i t  reaches an e q u i l ib r iu m  r a te .  T h is  e q u i l ib r iu m  r a te  depends 
upon c e r ta in  s o i l  p ro p e r t ie s  such as te x tu re  and s t r u c tu r e .
Lew is and Powers (1938 ) l i s t e d  a la rg e  number o f  fa c to r s  
a f f e c t in g  i n f i l t r a t i o n  and c la s s i f ie d  th e  fa c to r s  in to  two m a jo r 
g ro u p s :-
( i )  those  in f lu e n c in g  th e  i n f i l t r a t i o n  ra te  a t  a g iv e n  t im e  
and p o in t ,  such as te x tu r e ,  s t r u c tu r e  and o rg a n ic  m a tte r ; 
( i i )  those  in f lu e n c in g  th e  average i n f i l t r a t i o n  ra te  o v e r a 
c o n s id e ra b le  a rea  and p e r io d  o f  t im e , such as s lo p e , 
v e g e ta t io n  and s u r fa c e  roughness.
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I n f i l t r a t i o n  in t o  s o i l s  a ls o  depends on th e  ro u g h n e ss  o f  s u r fa c e  
la y e r s  w h ich  in d u c e s  p o n d in g  and c o n s e q u e n t ly  in c re a s e s  i n f i l t r a t i o n  
[B ru c e  e t . a l . ,  1 9 6 8 ). P e te rs e n  e t .  a l .  [1 9 6 8 ) in v e s t ig a te d  th e  
i n f i l t r a t i o n  r a te s  o f  s o i l s  w i t h  a h ig h  c o a rs e  fra g m e n t c o n te n t ,  
and c o n c lu d e d  t h a t  w i t h in  a p a re n t  m a te r ia l  g ro u p , c o n te n t  o f  
c o a rs e  fra g m e n ts  was th e  m ost im p o r ta n t  f a c t o r  d e te rm in in g  i n f i l t r a t i o n  
and a v a i la b le  s o i l  m o is tu re .
Sandy s o i l s  a b s o rb  w a te r  r a p id l y  as  com pared w ith  c la y s  
[B a v e r ,  1 9 3 3 ) . A b s o rp t io n  a ls o  in c re a s e s  as s o i l  become more 
g r a n u la r ;  a g r a n u la r  c la y  s o i l  w i l l  a b s o rb  w a te r  more q u ic k ly  th a n  
th e  same s o i l  in  th e  n o n -g ra n u la te d  s ta te  due to  th e  r e l a t i v e l y  h ig h  
p e rc e n ta g e  o f  la r g e  p o re  spaces a s s o c ia te d  w i th  g r a n u la t io n .  The 
s iz e  o f  th e  p a r t i c l e s  a t  th e  s o i l  s u r fa c e  i s  a n o th e r  f a c t o r  a f f e c t in g  
i n f i l t r a t i o n  and e ro s io n  [K ohnke  and B e r t ra n d ,  1 9 5 9 ). In  g e n e ra l,  
th e  g r e a te r  th e  sand p e rc e n ta g e , th e  h ig h e r  th e  i n f i l t r a t i o n  r a te  
and th e  lo w e r  th e  r u n o f f  and wash e r o s io n .  B ryan  [1 9 6 8 ) a ls o  
o b se rve d  t h a t  s iz e  o f  t e x t u r a l  s e p a ra te s  a t  th e  s u r fa c e  had a 
s i g n i f i c a n t  e f f e c t  on i n f i l t r a t i o n  and r u n o f f  p r o p e r t ie s ,  w h ile  
n o n - c a p i l la r y  p o r o s i t y  was im p o r ta n t  w i th  re g a rd  to  i n f i l t r a t i o n .
I n f i l t r a t i o n  i s  a ls o  depe n d e n t on u n d e r ly in g  h o r iz o n s  and on 
th e  m o is tu re  c o n te n t  o f  th e  s o i l  a t  th e  b e g in n in g  o f  th e  r a in .
G ilm o u r [1 9 6 5 )  measured s u r fa c e  r u n o f f ,  s o i l  lo s s  and i n f i l t r a t i o n  
on 41 perm anen t p lo t s  c o v e r in g  a ra n g e  o f  s o i l - v e g e t a t io n  ty p e s  in  
th e  Low er C o t te r  C a tch m e n t. A p o r ta b le  r a i n f a l l  s im u la to r  was used 
in  m e a su rin g  i n f i l t r a t i o n  r a t e s ,  and th e  a r t i f i c i a l  r a i n f a l l  [ a t  
an i n t e n s i t y  o f  320 p o in ts  [81 mm) p e r  h o u r )  had d ro p  s iz e  and
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v e lo c i t y  c h a r a c te r is t ic s  s im i la r  to  the se  o f  n a tu ra l r a in  o f  the
same in t e n s i t y .  Each p lo t  was c h a ra c te r is e d  f o r  typ e  and amount
o f  g round c o v e r , and f o r  the  s o i l  p h y s ic a l p ro p e r t ie s  o f  b u lk  d e n s ity ,
c a p i l l a r y  and n o n - c a p i l la r y  p o r o s i t y  and p a r t i c le  s iz e  d is t r ib u t io n .
He conc luded  t h a t  on s o i l  ty p e s  w ith  low  n o n - c a p i l la r y  p o r o s ity  in
th e  s u b s o il  ( r e s t r ic t e d  d ra in a g e )  th e  n o n - c a p i l la r y  p o r o s ity  o f  th e
s u r fa c e  s o i l  was th e  most im p o r ta n t  f a c to r  in  c o n t r o l l in g  i n f i l t r a t i o n
and s u r fa c e  r u n o f f .  N o n -c a p il la r y  p o r o s ity  o f  th e  s u rfa c e  s o i l  was
re la te d  to  w e ig h t o f  ground c o v e r ,  and re d u c t io n s  in  the  ground
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c o v e r below  7 .2  t / h a  o r  0 .7 2  kg/m re s u lte d  in  a marked in c re a s e  
in  s u r fa c e  r u n o f f .  On s o i l  ty p e s  w ith  h ig h  n o n - c a p i l la r y  p o r o s ity  
in  th e  s u b s o il (even d ra in a g e ) s u r fa c e  r u n o f f  was a t  a low  le v e l  a t  
a l l  t im e s , and th e  amount o f  g round  c o v e r p re s e n t had l i t t l e  o r 
no e f f e c t .
G ilm o u r a ls o  found t h a t  i n f i l t r a t i o n  ra te s  were s l i g h t l y  
h ig h e r  under e u c a ly p ts , than  und e r p in e s ,  th a t  i n f i l t r a t i o n  was lo w e r 
a f t e r  d ry  than  wet p e r io d s  f o r  b o th  e u c a ly p t and p in e  co v e r ty p e s , 
and th a t  in  d ry  p e r io d s  i n f i l t r a t i o n  decreased as ground co ve r 
in c re a s e d . The re v e rs e  o c c u rre d  in  wet p e r io d s .
2 .3 .3 .4  P e rm e a b ili ty
P e rm e a b ili ty  i s  th e  q u a l i t y  o r  s ta te  o f  a porous medium 
r e la t in g  to  th e  re a d in e s s  w ith  w h ich  such a medium conducts  o r  t ra n s ­
m its  f l u id s .  Q u a n t i t a t iv e ly ,  i t  i s  th e  p ro p e r ty  d e s ig n a tin g  th e  
r a te  a t  w hich f lu id s  a re  t ra n s m it te d  th ro u g h  porous mediums under 
s tan d a rd  c o n d it io n s  (P a r r  and B e r tra n d , 196Q).
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B e n n e tt (1 9 2 6 ) compared th e  f r i a b i l i t y  and p l a s t i c i t y  o f  
c e r t a in  heavy c la y  s o i l s  in  A m e ric a , w i th  th e  s i l ic a :S e s q u io x id e  
r a t i o  o f  th e  same s o i l s  o b ta in e d  by c h e m ic a l a n a ly s e s  made in  th e  
la b o r a t o r y .  S o i ls  g rouped  on th e  b a s is  o f  a m o le c u la r  r a t i o  o f  le s s  
th a n  tw o p ro ve d  d i s t i n c t l y  more f r i a b l e  in  a l l  p a r ts  o f  t h e i r  p r o f i l e s ,  
and were much more pe rm eab le  and r e s is t a n t  to  e ro s io n  : compared w ith  
one a n o th e r ,  th o s e  s o i l s  h ig h e s t  in  i r o n  and a lu m in a  and lo w e s t  in  
s i l i c a  were more f r i a b l e ,  pe rm eab le  and le s s  p rone  to  e r o s io n .
P e r m e a b i l i t y  o f  th e  d i f f e r e n t  la y e r s  in  th e  s o i l  p r o f i l e  
p la y s  an im p o r ta n t  p a r t  in  th e  p e r c o la t io n  p ro c e s s . P e r c o la t io n  
in c re a s e s  w i th  c o a rs e n e s s  o f  te x tu r e  and th e  e x te n t  o f  g r a n u la t io n  
(B a v e r , 1 9 3 3 ). L u tz  and Learner (1 9 3 9 ) e v a lu a te d  th e  e f f e c t  o f  
t e x tu r e  and s w e l l in g  on th e  p e r m e a b i l i t y  o f  a s e r ie s  o f  sand s e p a ra te s  
and sand on s e v e ra l s u b s o i ls .  In  th e  c o a rs e r  f r a c t io n s  p e r m e a b i l i t y  
was fou n d  to  in c re a s e  e x p o n e n t ia l ly  w i th  an in c re a s e  in  p a r t i c l e  
s iz e ,a n d  in  th e  s u b s o i ls  an im p o r ta n t  f a c t o r  d e te rm in in g  p e r m e a b i l i t y  
was th e  s w e l l in g  o f  th e  c o l l o i d a l  m a te r ia ls  w h ich  r e s u l t s  in  a 
r e d u c t io n  in  th e  s iz e  o f  th e  p o re s .  O 'N e a l (1 9 4 9 ) c o n c lu d e d  t h a t  
s o i l  s t r u c t u r e  was p ro b a b ly  th e  m ost s i g n i f i c a n t  f a c t o r  in  e v a lu a t in g  
p e r m e a b i l i t y .  However he fo u n d  t h a t  i t  was d i f f i c u l t  t o  e v a lu a te  
p e r m e a b i l i t y  on th e  b a s is  o f  s t r u c t u r a l  f a c t o r s  o n ly  and su g g e s te d  t h a t  
o th e r  c h a r a c t e r i s t i c s  o f  th e  s t r u c t u r a l  a g g re g a te s  and t h e i r  r e la t i o n  
to  one a n o th e r  s h o u ld  a ls o  be c o n s id e re d .
2 . 3 . 3 . 5  A g g re g a tio n
Kemper and C h e p il (1 9 6 5 ) d e f in e  an a g g re g a te  as a g ro u p  
o f  tw o o r  more p r im a ry  p a r t i c l e s  w h ich  c o h e re  to  each o th e r  more
18
s t r o n g ly  th a n  to  s u r ro u n d in g  p a r t i c l e s .  S o i l  masses in  w h ich  th e  
c o h e s iv e  fo r c e s  among p a r t i c le s  a re  g r e a te r  th a n  th e  d is r u p t iv e  
fa r c e s  w i l l  m a in ta in  t h e i r  i d e n t i t y  as a g g re g a te s .
A g g re g a te  fo rm a t io n  i s  m a in ly  depen den t on o rg a n ic  m a t te r  
and ty p e s  o f  bases in  th e  s o i l .  D iv a le n t  c a t io n s  ( e .g .  c a lc iu m )  
in c re a s e  a g g re g a t io n ;  m o n o va le n t c a t io n s  ( e . g .  so d ium ) d e c re a se  
a g g re g a t io n  and d is p e rs e  th e  s o i l .  The mechanism o f  a g g re g a te  
fo rm a t io n  i s  n o t w e l l  u n d e rs to o d  b u t depends on c la y ,  o rg a n ic  m a t te r ,  
d iv a le n t  c a t io n s  and d r y in g .  One e x p la n a t io n  (Kemper and C h e p i l ,  
1965) is  t h a t  c la y  and o rg a n ic  m a t te r  a re  bonded by d iv a le n t  c a t io n  
" b r id g e s " .  H ow ever, McHenry and R u s s e ll (1 9 4 3 ) found  t h a t  a g g re ­
g a t io n  in c re a s e d  w ith  in c re a s e  in  c la y  c o n te n t  and t h a t  m o n o va le n t 
io n s  gave  b e t t e r  a g g re g a t io n  th a n  d iv a le n t  io n s ,  w h ich  in  t u r n  were 
b e t t e r  th a n  t r i v a l e n t  io n s .
The d e g ree  o f  a g g re g a t io n  (am ount o f  g r a n u la t io n )  o f  a s o i l  
p la y s  a v e ry  im p o r ta n t  r o le  in  th e  e r o d i b i l i t y  o f  s o i l .  A g g re g a tio n  
in c re a s e s  p o r o s i t y  and c o n s e q u e n t ly  th e  r a t e  o f  w a te r  a b s o rp t io n  and 
p e r c o la t io n ,  and d e c re a s e s  th e  ease o f  d is p e r s io n  m aking i t  more 
d i f f i c u l t  to  d e ta c h  th e  s o i l  p a r t i c l e s  so t h a t  a h ig h e r  v e lo c i t y  
is  r e q u ir e d  to  t r a n s p o r t  s o i l  (B a v e r , 1 9 3 3 ). B e n n e tt (1 9 5 5 ) p o in te d  
o u t t h a t  c o a rs e ly  a g g re g a te d  s t r u c tu r e s  have la r g e r  p o re s , and con­
s e q u e n t ly  g r e a te r  w a te r - in ta k e  c a p a c i ty  as w e l l  as g r e a te r  a b s o rp t io n  
(w a te r  r e t e n t io n )  c a p a c i t y .  H a r r is  (1 9 7 1 ) by d e te rm in in g  t o t a l  and 
n a tu r a l  c la y *  by th e  p ip e t t e  m e thod , re p o r te d  t h a t  c o l la p s e  o f  s o i l  
a g g re g a te s  r e s u l t s  in  s u r fa c e  s e a l in g ,  in c re a s e d  r u n - o f f  and th e
*  The " n a tu r a l  c la y "  i s  th e  p e rc e n ta g e  o f  c la y  o b ta in e d  by 
u s in g  d i s t i l l e d  w a te r  in s te a d  o f  d is p e r s in g  s o lu t io n  p lu s  
d i s t i l l e d  w a te r .
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p r o d u c t io n  o f  f in e  p a r t i c le s  w h ich  can th e n  be rem oved by th e  s u r fa c e  
w a te r .  The r e s u l t  i s  r a p id  e ro s io n  by s h e e t wash and s p la s h in g .
G e rd e l 's  (1 9 3 ? ) f i e l d  o b s e rv a t io n s  and la b o r a to r y  s tu d ie s  
in d ic a te d  t h a t  th e  e r o d ib le  p r o p e r t ie s  o f  some r e s id u a l  s o i l s  o f  
s a n d s to n e , s h a le ,  and l im e s to n e  o r i g i n  v a r y  w i th  th e  am ount, k in d ,  
and s t a b i l i t y  o f  th e  s o i l  a g g re g a te s  and t h a t  th e  v a r ia t io n s  may 
a ls o  be in f lu e n c e d  m a t e r ia l l y  by p re v io u s  e ro s io n  and c u l t u r a l  p r a c t ic e s .
A g g re g a te  s iz e  d i s t r i b u t i o n  i s  im p o r ta n t  in  r e l a t i o n  to  s o i l  
e r o d i b i l i t y  because a g g re g a te s  be low  a c e r t a in  s iz e  may be rem oved 
by e ro s io n  w ith o u t  p re v io u s  d is p e r s io n ,  and th e r e fo r e  th e  p e rc e n ta g e -  
w e ig h t o f  a g g re g a te s  o r  s e p a ra te s  be low  a p a r t i c u la r  v a lu e  i s  a 
d i r e c t  in d e x  o f  e r o d i b i l i t y .  A g g re g a te  s t a b i l i t y  i s  a ls o  im p o r ta n t  
because i t  g o v e rn s  th e  ease w i th  w h ich  la r g e  a g g re g a te s  above th e  
e ro s io n  th re s h o ld  ( th e  a c tu a l  v a lu e  a t  w h ic h  e ro s io n  s t a r t s )  may be 
b ro ke n  down t o  s m a ll a g g re g a te s  o r  s e p a ra te s ,  w h ic h  a re  th e n  v u ln e r ­
a b le  to  e ro s io n  (B ry a n , 1 9 6 ö ).
Maximum s t a b i l i t y  in  th e  s o i l  a g g re g a te s  o c c u rs  d u r in g  th e  
summer w i th  d e c re a s in g  s t a b i l i t y  d u r in g  th e  autumn and w in te r  and 
th e n  an in c re a s e  in  t h e s p r in g , in  s e v e ra l re d -b ro w n  e a r th s  a f t e r  b e in g  t r e a te d  
w i th  p y ro p h o s p h a te  and p e r io d a te  (S te fa n s o n , 1 9 7 1 ).
2 . 3 . 3 . 6  T o p s o il  D epth
T o p s o il  d e p th  a f f e c t s  s o i l  e r o d i b i l i t y  in  s e v e ra l w ays.
T o p s o i l  i s  u s u a l ly  r e l a t i v e l y  homogenous and a l lo w s  w a te r  i n f i l t r a t i o n  
to  p roceed  u n r e s t r ic t e d  u n t i l  la y e r s  o f  d i f f e r e n t  p o r o s i t y  a re  re a c h e d . 
A n o th e r  e f f e c t  i s  on th e  o rg a n ic  m a t te r  c o n te n t  o f  th e  s u r fa c e .
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I f  th e  t o p s o i l  i s  t h i n  and th e  s u b s o i l  i s  m ixed w i th  i t ,  f o r  exam ple  by 
p lo u g h in g ,  th e  o rg a n ic  m a t te r  c o n te n t  i s  lo w e re d . T h is  r e s u l t s  in  
lo w e r  a g g re g a te  s t a b i l i t y  and h ig h e r  e r o s io n .  A n o th e r  e f f e c t  i s  on 
th e  g e n e ra l f e r t i l i t y  s ta tu s  o f  th e  s o i l .  The d e e p e r th e  t o p s o i l ,  
th e  g r e a te r  th e  s o i l  f e r t i l i t y  and th e  im p roved  v e g e ta t iv e  c o v e r  
m in im is e s  e r o s io n .
2 . 3 . 3 . 7  W ater H o ld in g  C a p a c ity
The e f f e c t  o f  w a te r - h o ld in g  c a p a c i ty  on e ro s io n  i s  a lm o s t 
in d is t in g u is h a b le  fro m  th e  e f f e c t  o f  t e x tu r e  f o r  t h i s  l a r g e ly  d e te rm in e s  
w a te r - h o ld in g  c a p a c i t y .  W a te r -h o ld in g  c a p a c i ty  has an in f lu e n c e  
on th e  am ount o f  w a te r  w h ic h  may ru n  o f f  d u r in g  heavy r a in s ,  
as does th e  am ount o f  w a te r  h e ld  a t  th e  t im e  r a in  b e g in s , and a ls o  
on th e  d e t a c h a b i l i t y  o f  s o i l  by r u n o f f  w a te r .  Sand w i th  a lo w  w a te r  
h o ld in g  c a p a c i ty  i s  e a s i l y  d e ta ch e d  and washed away u n d e r th e  h ig h  
v e lo c i t y  o f  r u n o f f ,  w h i le  c la y  i s  le s s  e a sy  to  d e ta c h  and may s e a l 
o v e r .
2 .4  INDICES OF SOIL ERQDIBILITY
S o i l  e r o d i b i l i t y  may be assessed  e i t h e r  by a c tu a l  m easurem ent 
o f  s o i l  lo s s  u n d e r c o n t r o l le d  c o n d i t io n s ,  o r  by th e  i s o la t i o n  o f  
c e r t a in  s o i l  p r o p e r t ie s  as  in d ic e s  o f  e r o d i b i l i t y  (B ry a n , 1 9 6 8 ). 
M easurem ent o f  s o i l  lo s s  u n d e r c o n t r o l le d  c o n d i t io n s  r e q u ir e s  e la b o ra te  
i n s t a l l a t i o n s  and o b s e rv a t io n  f o r  le n g th y  p e r io d s ,  w hereas in d ic e s  
o f  e r o d i b i l i t y  can u s u a l ly  be d e r iv e d  fro m  n o rm a l a n a ly t i c a l  d a ta  
and th e r e fo r e  r e q u ir e  l i t t l e  s p e c ia l  e q u ip m e n t.
21
B e n n e tt (1 9 2 6 ) d e te rm in e d  th e  im p o r ta n t  s o i l  p r o p e r t ie s  
in f lu e n c in g  e r o d i b i l i t y  to  be s o i l  t e x t u r e ,  s t r u c t u r e ,  o rg a n ic  
m a t te r  c o n te n t  and c h e m ic a l c o m p o s it io n » a lth o u g h  he made no a t te m p t 
to  e s t a b l is h  an in d e x  o f  e r o d i b i l i t y .  M id d le to n  (1 9 3 0 ) was th e  
f i r s t  to  a t te m p t to  d e v is e  an in d e x  o f  e r o d i b i l i t y  ( e r o s i v i t y )  
based on d e ta i le d  la b o r a to r y  a n a ly s is  o f  sam p les  fro m  s o i l s  whose 
r e a c t io n s  to  e r o s io n a l  p ro ce sse s  w ere known from  f i e l d  o b s e r v a t io n ,  
and p roposed  a "D is p e rs io n  R a t io " .
2 .4 .1  D is p e rs io n  R a t io
M id d le to n  (193Q ) fou n d  t h a t  th e  am ount o f  s i l t  and c la y  
in  a d is p e rs e d  s ta te  was s i g n i f i c a n t l y  c o r r e la te d  w ith  e r o d i b i l i t y .
He com pared th e  amount o f  s i l t  and c la y  in  an u n d is p e rs e d  sam ple 
w i th  t h a t  in  a sam ple p r e v io u s ly  t r e a te d  w i th  a d is p e r s in g  a g e n t .
These tw o r e s u l t s  w ere com bined in t o  a r a t i o  w h ich  e xp re sse d  as a 
p e rc e n ta g e  was te rm ed th e  " D is p e rs io n  R a t io " .  M id d le to n  fo u n d  t h a t  
i t  was g e n e r a l ly  above 15 f o r  " e r o d ib le  s o i l s "  and be low  15 f o r  
" n o n - e r o d ib le "  s o i l s .
A nderson  (1951 ) used th e  d is p e r s io n  r a t i o  as an in d e x  o f  
e r o d i b i l i t y  in  a s tu d y  o f  th e  e r o d i b i l i t y  o f  a l ith o s e q u e n c e  o f  y o u th fu l  
s o i l s  d e ve lo p e d  on co m p a ra b le  w a te rs h e d s  in  n o r th e rn  C a r o l in a .
E ro s io n  was m easured as th e  suspended se d im e n t d is c h a rg e  o f  s tre a m s  
from  th e  w a te rs h e d s , and was found  t o  be s i g n i f i c a n t l y  c o r r e la te d  
w ith  d is p e r s io n  r a t i o  v a lu e s .  W il le n  (1 9 6 5 ) a ls o  u s in g  th e  d is ­
p e rs io n  r a t i o  as an in d e x  o f  e r o d i b i l i t y ,  fou n d  an e r o d i b i l i t y  
o rd e r  o f :
g r a n o d io r i t e  s o i l s > b a s a l t  s o i l s > q u a r t z i t e  s o i l s ,  in
th e  S ie r r a  Nevada.
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B ryan  (1 9 6 8 ) c r i t i c i s e d  M id d le to n 's  d is p e r s io n  r a t i o  as 
b e in g  u n s a t is f a c t o r y  on tw o g ro u n d s
( i )  I t  made no a llo w a n c e  f o r  th e  a b i l i t y  o f  h ig h  v e lo c i t y  
r a in d r o p s  to  d is p e rs e  p r e v io u s ly  u n d is p e rs e d  m a te r ia l ;
( i i )  W h ile  i t  may be an a c c u ra te  in d e x  o f  e r o d i b i l i t y  o f  s o i l s  
w i th  a h ig h  s i l t  and c la y  c o n te n t ,  because o f  i t s  r e l ia n c e  
on t h i s  m easure i t  w ou ld  n o t r e f l e c t  a c c u r a te ly  th e  
e r o d i b i l i t y  o f  s o i l s  w i t h  a h ig h  sand c o n te n t .
2 .4 .2  C la y  R a t io
In  1935 Bouyoucos app roach ed  th e  p ro b le m  o f  d is p e r s io n  from  
a d i f f e r e n t  a n g le .  In  an a t te m p t to  a r r i v e  a t  th e  fu n d a m e n ta l 
p r in c ip le s  u n d e r ly in g  v a r ia t io n s  in  e r o d i b i l i t y ,  he p roposed  th e  
"C la y  R a t io "  as a d i r e c t  in d e x  o f  e r o d i b i l i t y .  T h is  i s  th e  r a t i o  
betw een sand + s i l t  and c la y ,  and i s  c o n s id e re d  a m easure o f  th e  
amount o f  b in d in g  m a t e r ia l .  He m easured th e  c la y  r a t i o  o v e r  a 
w ide  ra n g e  o f  s o i l  ty p e s  and found  a s m a ll r a t i o  a s s o c ia te d  w ith  s o i l s  
c o n s id e re d  to  be n o n -e ro s iv e ,a n d  th e  g r e a te s t  v a lu e s  a s s o c ia te d  w ith  
v e ry  e ro s iv e  s o i l s .  A number o f  w o rk e rs  have te s te d  th e  c la y  r a t i o  
s in c e  i t s  o r i g i n a l  in t r o d u c t io n  by B ouyoucos, in c lu d in g  K uron  and 
Jung (1 9 5 7 ; in  B ry a n , 1968) who fo u n d  t h a t  i t  d id  n o t a c c u r a te ly  
r e f l e c t  f i e l d  o b s e rv a t io n s .  B ryan  (1 9 6 8 ) a ls o  s ta te d  t h a t  th e  
in d e x  was n o t e n t i r e l y  s a t i s f a c t o r y .  He gave th e  exam ple  t h a t  s o i l s  
o f  th e  I r e d e l l  and D a v id so n  s e r ie s  o f  N o r th  C a r o l in a ,  w h ic h  b o th  
M id d le to n  (1 9 3 0 ) and L u tz  (1 9 3 4 ) had fou n d  to  d i f f e r  c o n s id e ra b ly  
in  e r o s io n a l  b e h a vo u r, gave c la y  r a t i o  v a lu e s  o f  2 .5 .
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W h ile  th e  c la y  r a t i o  was a l o g i c a l  d eve lop m e n t o f  th e  th e o ry  
t h a t  s o i l  p a r t i c le s  m ust be d is p e rs e d  b e fo re  e ro s io n  can o c c u r  and 
i t  has th e  m e r i t  o f  s im p l i c i t y  and can be d e r iv e d  from  b a s ic  a n a ly t i c a l  
d a ta ,  i t  i s  open to  c r i t i c i s m  as an in d e x  o f  e r o d i b i ' l i t y  on two 
g ro u n d s :
( i )  when th e  c la y  c o n te n t  o f  th e  s o i l  i s  v e ry  lo w , th e  c la y
r a t i o  i s  l i a b l e  t o  become m e a n in g le s s  due to  th e  h ig h  w a te r  
t r a n s m is s io n  s t a t u s .  V i r t u a l l y  no r u n o f f  w i l l  o c c u r ,  and 
e ro s io n  w i l l  be p u r e ly  a f u n c t io n  o f  s p la s h in g  by r a in d r o p s ,  
( i i )  A more im p o r ta n t  c r i t i c i s m  i s  t h a t  th e  r a t i o  p la c e s  undue 
w e ig h t upon th e  im p o rta n c e  o f  c la y  as a " b in d e r "  and 
ig n o re s  th e  in f lu e n c e  o f  o rg a n ic  m a t te r ,  w h ich  may be a 
more im p o r ta n t  a g g re g a te -c e m e n tin g  a g e n t .
2 .4 .3  P e rce n ta g e  W e igh t o f  W a te r S ta b le  A g g re g a te  ( W . S . A . )  and 
A g g re g a te  S t a b i l i t y
A v a r ie t y  o f  m easures o f  a g g re g a t io n  have been used as 
in d ic e s  o f  e r o d i b i l i t y .  Two such m easures -  a g g re g a te  s iz e  d i s t r i b u t i o n  
and a g g re g a te  s t a b i l i t y  -  a p p e a r to  be im p o r ta n t .  A g g re g a te  s iz e  
d i s t r i b u t i o n  i s  im p o r ta n t  because a g g re g a te s  be low  a c e r t a in  s iz e  
may be removed by e ro s io n  w ith o u t  p re v io u s  d is p e r s io n  and th e r e fo r e  
th e  r e l a t i v e  p r o p o r t io n  o f  a g g re g a te s  be low  t h a t  s iz e  i s  a d i r e c t  
in d e x  o f  e r o d i b i l i t y .  A g g re g a te  s t a b i l i t y  i s  im p o r ta n t  because 
i t  g o v e rn s  th e  ease w i th  w h ich  la r g e  a g g re g a te s  above th e  e ro s io n  
th r e s h o ld  may be b ro ke n  down to  s m a ll a g g re g a te s  v u ln e r a b le  to  e r o s io n .
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Adams e jt .  a l . ,  (1 9 5 8 ) used th e  d is p e r s io n  r a t i o  and 
a g g re g a te  s t a b i l i t y  in  a s tu d y  o f  th e  e r o d i b i l i t y  o f  some Iow a s o i l s ,  
and com pared th e  r e s u l t s  w i t h  i n f i l t r a t i o n  r a t e s ,  r u n o f f  and e ro s io n  
v a lu e s  o b ta in e d  u n d e r s im u la te d  r a i n f a l l  in  th e  f i e l d .  S t a b i l i t y  
o f  th e  u p p e rm o s t c e n t im e te r  o f  s o i l  was an im p o r ta n t  f a c t o r  a f f e c t in g  
i n f i l t r a t i o n  and e r o s io n ,  w h i le  th e  p e rc e n ta g e -w e ig h t o f  w a te r  
s ta b le  a g g re g a te  g r e a te r  th a n  0 .1 0  mm was fou n d  to  b e a r no r e la t i o n  
t o  e ro s io n  lo s s e s .
The p e rc e n ta g e -w e ig h t  o f  w a te r  s ta b le  a g g re g a te  g r e a te r  
th a n  2 mm was s i g n i f i c a n t l y  c o r r e la te d  w ith  e ro s io n  lo s s e s .  Woodburn 
and Kozachyn (1 9 5 6 ) a ls o  used a g g re g a te  s t a b i l i t y  and th e  d is p e r s io n  
r a t i o  as in d ic e s  o f  th e  e r o d i b i l i t y  o f  s o i l s  in  23 W estern  M is s is s ip p i  
w a te rs h e d s . The in d ic e s  w ere com pared w ith  s p la s h - lo s s e s  u n d e r 
a r t i f i c i a l l y  s im u la te d  r a i n f a l l  as a d i r e c t  m easure o f  e r o s io n .
T h e re  was an in v e r s e  r e la t i o n s h ip  between th e  p e rc e n ta g e -w e ig h t 
o f  w a te r  s ta b le  a g g re g a te  g r e a te r  th a n  0 .5  mm d ia m e te r  and s p la s h - lo s s .  
W o o ld r id g e  (1 9 6 4 ) used mean w a te r  s ta b le  a g g re g a te  s iz e  as an in d e x  o f  
e r o d i b i l i t y  in  a s tu d y  o f  th e  e f f e c t  o f  p a re n t m a te r ia l  and v e g e ta t io n  
on s o i l  e ro s io n  in  C e n t r a l  W a sh in g to n . S o i ls  d e ve lo p e d  o v e r  g ra n o -  
d i o r i t e  were more e r o d ib le  th a n  th o s e  fo rm ed on b a s a lt  and s a n d s to n e .
B ryan  (1 9 6 8 ) exam ined th e  c o r r e la t io n  c o e f f i c i e n t  betw een 
t o t a l  s o i l  lo s s  and 22 in d ic e s  o f  s o i l  e r o d i b i l i t y  r e p o r te d  in  th e  
l i t e r a t u r e .  He c o n c lu d e d  t h a t  none o f  th e  s o i l  in d ic e s  was r e l i a b l e  
in  o p e ra t io n  and c a p a b le  o f  u n iv e r s a l  a p p l i c a t io n ,  and w h i le  
e x p re s s in g  d o u b t t h a t  such  an in d e x  c o u ld  be d e v e lo p e d , he c o n c lu d e d  
t h a t  th e  p e rc e n ta g e -w e ig h t  o f  w a te r  s ta b le  a g g re g a te  g r e a te r  th a n
25
3 mm in diameter was probably the most reliable index of soil 
erodibility. Farmer and Van Havern (1971) studied erosion on bare 
soil plots under simulated rainfall in the laboratory. They 
observed that the percentage of particles and aggregates between 
61 and 2,0QG microns and the percentage of particles and aggregates 
larger than 2 mm, were the most important soil variables 
affecting soil erosion by overland flow. The effect of the percent 
sand-size materials (not necessarily sand grains) was also directly 
related to raindrop erosion. As the proportion of sand-size 
material increased from 55.1 to 81.9 percent, the weight of soil 
eroded by raindrop splash also increased.
2.4.4 Porosity and Bulk Density
The relationship between infiltration and soil wetness has 
been discussed but movement through soils also depends on several 
properties of the soil itself. Water moves more readily through 
a porous soil than through a dense one, due mainly to impedance 
to flow in the dense soil. Adams et. al., (1958) stated that the
rate at which the water moved through a profile was obviously related 
to soil erodibility and dependent upon the size and continuity of the 
channels or pores, the rate increasing with pore size. Millar et_. al., 
(1965) also suggested that the size of the pore space in the soil 
may be as important as the total pore space. Bennett (1939) concluded 
that soils with a large volume of non-capillary pore space had a high 
rate of infiltration and a low susceptibility to erosion. Porosity 
is related to soil bulk density, a soil with low density having a 
high porosity (Harris, 1971).
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2 .4 .5  O rg a n ic  M a t te r  and S o i l  O rgan ism s
S o i l  o rg a n ic  m a t te r  in c lu d e s  a l l  n o n -m in e ra l ca rb o n  
compounds fo u n d  in  th e  s o i l .  I t  i s  th e  m ain a g e n t r e s p o n s ib le  f o r  
b la c k  and brown c o lo u r s  in  th e  s o i l  and has p ro fo u n d ly  b e n e f ic ia l  
e f f e c t s  on th e  s o i l ' s  p h y s ic a l  p r o p e r t ie s .  I t  encou rag es  
g r a n u la t io n ,  makes v e ry  heavy s o i l s  e a s ie r  to  w o rk  by re d u c in g  
p l a s t i c i t y  and c o h e s io n , and in c re a s e s  th e  w a te r -h o ld in g  c a p a c i t y  
o f  th e  s o i l .  The la c k  o f  o rg a n ic  m a t te r  in  th e  s o i l s  o f  a r id  
and s e m i- a r id  re g io n s  makes th e s e  v e ry  s u s c e p t ib le  to  e ro s io n  by w a te r  
as w e l l  as by w ind  (Kohnke and B e r t ra n d ,  1 9 5 9 ) . O rg a n ic  m a t te r  
h e lp s  in  a v a r ie t y  o f  w ays, t o  m a in ta in  s o i l  a g g re g a te s , such as 
in  th e  fo rm a t io n  o f  c la y - o r g a n ic  co m p le xe s , by m ic r o b ia l  m y c e lia  
and m ucus, by r o o t  h a i r s  t h a t  fo rm  a f i r m  c o n ta c t  w i th  th e  s o i l  
p a r t i c l e s ,  and by th e  e x c re ta  o f  e a rth w o rm s  and m ic ro -a n im a ls .
O rg a n ic  m a t te r  as p la n t  re m a in s  can a ls o  s e rv e  as a m u lch  t h a t  
p r o te c t s  th e  a g g re g a te s  fro m  th e  d i r e c t  im p a c t o f  r a in d r o p s .  S o i l  
humus i s  an im p o r ta n t  f a c t o r  in  th e  c o n t r o l  o f  a e r a t io n ,  w a te r ­
h o ld in g  c a p a c i ty  and g r a n u la t io n  o f  f i e l d  s o i l s  ( M i l l a r  e t .  a l . ,
1 9 6 5 ). S in c e  m ost o f  th e  o rg a n ic  m a t te r  i s  fo u n d  in  th e  t o p s o i l ,  
any e ro s io n  t h a t  o c c u rs  w i l l  r e s u l t  in  s i g n i f i c a n t  o rg a n ic  m a t te r  
lo s s e s .  The q u a n t i t y  o f  o rg a n ic  m a t te r  c o n ta in e d  in  s o i l s  i s  
im p o r ta n t  from  many s ta n d  p o in t s ;  w i t h  re s p e c t  to  e r o d i b i l i t y ,  i t s  
g r e a te s t  e f f e c t  i s  on s t r u c t u r e  (B e n n e t t ,  1 9 3 9 ). W ith in  an o rg a n ic  
m a t te r  ra n g e  o f  Ü to  4 p e r c e n t ,  s o i l  e r o d i b i l i t y  te n d s  to  d e c re a s e  
a p p r e c ia b ly  as o rg a n ic  m a t te r  in c re a s e s  (W is c h m e ie r , e t .  a l . ,  1 9 7 1 ).
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A g g re g a te  fo rm a t io n  i s  depen den t on o rg a n ic  m a t te r  (e x c e p t 
in  th e  ca se  o f  c e m e n tin g  by i r o n  h y d ro x id e )  and th e  ty p e  o f  bases 
in  th e  s o i l  (FAO, 1 9 6 5 ). M c C a lla  (1 9 4 4 ) te s te d  s o i l  s t r u c tu r e  
s t a b i l i t y  by th e  w a te rd ro p  m e thod . A s o i l  lum p o f  a p p ro x im a te ly  
0 .1 5  gm ( a i r - d r y  w e ig h t )  was p la c e d  on a 1 mm mesh sc re e n  and w a te r -  
d ro p s  o f  4 .7  mm d ia m e te r ,  f a l l i n g  fro m  a h e ig h t  o f  30 cm a t  a r a t e  
o f  1 d ro p  p e r  4 .5  seconds , were a llo w e d  to  s t r i k e  i t .  O rg a n ic  
compounds were te s te d  f o r  t h e i r  in f lu e n c e  on th e  s t a b i l i t y  o f  s o i l  
s t r u c t u r e  to  w a te r  d ro p s  and th e  l i g n i n s ,  o i l s ,  f a t s ,  w axes, r e s in ,  
p a r a f f i n  and c o l l o i d a l  p r o te in s  seemed to  be th e  m ost e f f e c t i v e .  
M ic r o - o r g a n is m s ,p a r t ic u la r ly  f u n g i  in  s u f f i c i e n t  number and d i s t r i b u t i o n ,  
a ls o  seemed to  b in d  th e  s o i l  t o g e th e r .  Many o f  th e  w a te r - s ta b le  
o rg a n ic  s u b s ta n c e s  d id  n o t a f f e c t  s o i l  s t r u c t u r e .  However s o i l  
m ic ro -o rg a n is m s  can r a p id l y  t r a n s fo rm  th e  n o n - e f fe c t iv e  compounds 
in t o  s u b s ta n c e s  o r  m ic r o b ia l  t is s u e  e f f e c t i v e  in  te m p o r a r i ly  s t a b i l i z i n g  
th e  s o i l  s t r u c tu r e  and he c o n c lu d e d  t h a t  q u a n t i t y  o f  o rg a n ic  m a t te r  
does n o t seem so im p o r ta n t  as q u a l i t y  in  p ro d u c in g  s t a b i l i t y  to  w a te r  
d r o p s .
E ro s io n  i s  in f lu e n c e d  by th e  m i l l i o n s  o f  o rg a n is m s  t h a t  
in h a b i t  th e  s o i l  (B e n n e t t ,  1955; T e rm ie r  and T e rm ie r ,  1 9 6 3 ) . A lg a l ,  
fu n g a l and l ic h e n  p o p u la t io n s ,  e i t h e r  a lo n e  o r  in  a s s o c ia t io n ,  o f te n  
fo rm  s u r fa c e  c r u s ts  w h ich  s t a b i l i z e  th e  s o i l  a g a in s t  e ro s io n  and 
p la y  an im p o r ta n t  r o le  in  s o i l  fo rm in g  p ro c e s s e s . Many sandy s o i l s  
in  S o u th e rn  A u s t r a l ia  p ossess  a w e ll-d e v e lo p e d  m ass ive  s t r u c t u r e  
w i th  w a te r - s ta b le  a g g re g a te s  e x te n d in g  down th e  p r o f i l e  to  a d e p th  
o f  s e v e ra l fe e t ,  and such  s t r u c t u r e s  a re  a s s o c ia te d  w ith  in te n s e
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p r o l i f e r a t i o n  o f  fu n g a l m y c e lia  (Bond and H a r r is ,  1 9 6 4 ). Much 
o f  th e  a g g re g a t io n  was e x tre m e ly  s t ro n g  and rem a ined  in  th e  s o i l  f o r  
a lo n g  t im e .  Bond (1 9 6 4 ) in v e s t ig a te d  th e  w a te r  re p e l le n c e  o f  sandy 
s o i l s  a t  s i t e s  in  th e  u p p e r s o u th -e a s t  o f  S ou th  A u s t r a l ia  by 
o b s e rv a t io n  o f  i n f i l t r a t i o n  p a t te r n s  and m easurem ent o f  c o n ta c t  a n g le  
o f  w e t t in g .  He used r in g  in f i l t r o m e t e r s  to  assess  th e  d e g re e  o f  w a te r  
r e p e l le n c e  o f  th e  s o i l  a t  6Q f i e l d  s i t e s  u n d e r a ra n g e  o f  p la n t  
s p e c ie s  and u n d e r d i f f e r i n g  fa rm  management p r a c t ic e s  in c lu d in g  P in u s  
r a d ia t e ,  h e a th , m a lle e ,  and P h a la r is  p a s tu re .  The i n f i l t r a t i o n  
r a te s  o f  w a te r  when th e  s o i l  a t  each s i t e  c o n ta in e d  le s s  th a n  1% 
m o is tu re  was m easured and th e  v a lu e  f o r  c o n ta c t  a n g le  o f  w e t t in g  
e s t im a te d .  The i n t e n s i t y  o f  w a te r  r e p e l le n c e  v a r ie d  w i th  s p e c ie s  
o f  p la n t  c o v e r ,  age o f  p a s tu re  and a ls o  management p r a c t ic e s .
G i'lm o u r (1 9 6 5 ) c o n c lu d e d  t h a t  some h y d ro p h o b ic  a g e n t a s s o c ia te d  w ith  
th e  g ro u n d  c o v e r  was r e s p o n s ib le  f o r  lo w e r in g  i n f i l t r a t i o n .  He 
su g g e s te d  t h a t  th e  w a te r  c o u ld  be r e p e l le d  e i t h e r  by th e  l i t t e r  i t s e l f  
o r  by th e  f i n e l y  d iv id e d  o rg a n ic  m a t te r  and a s s o c ia te d  fu n g a l and 
m ic r o b ia l  c o n d i t io n s  a t  th e  s o i l - l i t t e r  in t e r f a c e .
The a c t i v i t i e s  o f  s o i l  m ic ro -o rg a n is rn s  upon o rg a n ic  m a t te r  
te n d  to  d e v e lo p  a d e s i r a b le  crum b o r  g r a n u la r  s t r u c tu r e  t h a t  o f f e r s  
m arked r e s is ta n c e  to  e r o s io n ,  and fa v o u rs  easy  p e n e t r a t io n  by p la n t  
r o o ts  and r a in  w a te r  ( B e n n e t t ,  1 9 5 5 ). He gave  m ou lds as an exam ple 
w h ich  som etim e fo rm  e n tw in in g  th re a d  l i k e  g ro w th s  on crum bs a round  
s o i l  f ra g m e n ts ,  p r o v id in g  c o n s id e ra b le  s o i l  s t a b i l i t y  and easy 
p e n e t r a b i l i t y  o f  a i r  and w a te r  in t o  th e  s o i l .  E arthw orm  b u rro w s  
o f te n  e x te n d  to  d e p th s  o f  1 o r  1 .5  m e tre s  o r  more and a ls o  s e rv e  as
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water channels to increase the intake of rainfall, and to facilitate 
the favourable internal circulation of moisture. Other groups of 
larger animals inhabiting the soil, namely rodents, ants, snails, 
spiders, mites, millipedes,centipedes and various other worms and 
insects have direct effects on the soil which tend to increase 
aeration and improve the drainage (Millar et. al., 1965). The most 
important group of soil fauna which affect soil structure in British 
agricultural soils are earthworms,,for their casts, even if voided 
underground in the soil itself, have an excellent structure, due 
probably to the way soil and organic compounds are mixed together 
in their guts and then the mixture voided as a collection of small 
crumbs (Russell, 1971).
2.4.6 Stone or Coarse Particle Content
Generally, detachability of large particles decreased 
and that of medium and small size particles increased with a reduction 
in rainfall intensity. Low-intensity (7.5 cm/hour) rainfall rarely 
detached particles greater than 3,100>um, whereas the high-intensity 
(15.5 cm/hour) rainfall detached particles as large as 5,00Qpm 
(Farmer, 1973). Raindrop impact under certain conditions could move 
stones as large as 10 mm diameter when they were wholly submerged 
in water (Ellison, 1944). Weakly (1962) reported that runoff 
water mainly contained small, fairly water-stable aggregates rather 
than textural separates, and proposed that the number of small 
aggregates might be a better clue to determine the erosion hazard. 
Chhetri (1971) also concluded that the high erodibility of Waipara
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s o i l  appeared to  be a s s o c ia te d  w ith  a lo w e r pe rcen tage  o f  th e  b ig g e r 
w a te r s ta b le  agg rega tes  g re a te r  than  2 mm in  s iz e  and a h ig h  percen tage  
o f  s m a lle r  w a te r s ta b le  a gg rega tes  le s s  than  0 .2 5  mm. The r a t io  
o f  la rg e  agg rega tes  g re a te r  tha n  2 mm to  mean w e ig h t d ia m e te r o f  th e  
agg re g a te  is  an e f f e c t iv e  in d e x  to  e s tim a te  e r o d ib i l i t y  (Yamamoto 
and A nderson , 1967).
2 .5  RAINFALL AND SOIL-LOSS
R a in fa l l  may a c t as bo th  a d e ta c h in g  and a t r a n s p o r t in g  
fo rc e  and th e  r o le  p layed  by ra in d ro p  im pact in  the  s o i l  e ro s io n  
p rocesses has o fte n  been emphasized ( e .g .  E l l is o n ,  1 944 ). Sm ith  
and W ischm eier (1962 ) suggested th a t  s tu d y  o f  r a i n f a l l  momentum 
and energy in  r e la t io n  to  e ro s io n  re q u ire s  knowledge o f  th e  d e te rm in in g  
f a c to r s , t h a t  is ,  ra in d ro p  mass, s iz e ,  s iz e  d i s t r i b u t i o n , shape, 
v e lo c i t y  and d i r e c t io n .  The e f f e c t  o f  ra in d ro p  s iz e  and im pact 
v e lo c i t y  was in v e s t ig a te d  by B is a l ( i9 6 0 )  who found th a t  maximum 
e ro s io n  w i l l  o ccu r when th e  e f f e c t iv e  in t e n s i t y  i s  between 75 to  
150 mm pe r h o u r, th e  im pact v e lo c i t y  7 .4  m eters p e r second. He 
a ls o  suggested th a t  th e  h e ig h t  o f  f a l l  f o r  la b o ra to ry  s tu d ie s  shou ld  
n o t be le s s  than  2 .4 4  m eters  s in c e  th e  im pact v e lo c i t y  o f  d rops 
from  le s s  than  t h i s  h e ig h t  was to o  low  f o r  s o i l  de tachm ent. O the r 
w o rke rs  have co n s id e re d  r a i n f a l l  in t e n s i t y  to  p la y  a more im p o rta n t 
r o le  in  s o i l  lo s s .  When d rop  s iz e ,  shape and v e lo c i t y  were he ld  
c o n s ta n t,  Ekern (1950) found th a t  th e  amount o f  sand t r a n s p o r ta t io n  
was d i r e c t l y  p ro p o r t io n e d  to  the  s im u la te d  in t e n s i t y .  W ischm eier 
(1959) found th a t  in  g e n e ra l,  maximum 3 0 -m in u te  in t e n s i t y  was more
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h ig h ly  c o r re la te d  w ith  s o i l  lo s s  than  maximum 5 - ,  15- o r  6 0 - m inu te  
in t e n s i t y .  G reer (1971 ) observed th a t  r a i n f a l l  in t e n s i t y  was a 
m a jo r f a c to r  in  th e  e ro s io n  p ro c e s s . He ana lysed  6 ye a rs  (1963-1968) 
o f  r a i n f a l l ,  r u n o f f  and e ro s io n  d a ta  from  q u a r te r -a c re  g raded -row  
p lo ts  a t  the  N o rth  M is s is s ip p i Branch E xperim ent S ta t io n  in  H o lly  
S p r in g s , M is s is s ip p i .  In  an e xpe rim en t u s in g  a r t i f i c i a l  r a i n f a l l  
on v a r ia b le  s lo p e  p lo ts  in  a green  house, Neal (1938) s im i la r ly  found 
r a i n f a l l  in t e n s i t y  to  be th e  most im p o rta n t fa c to r  a f f e c t in g  r u n o f f  
and e ro s io n .
A f te r  assem b ling  and a n a ly s in g  a l l  th e  a v a i la b le  e ro s io n  
d a ta  o b ta in e d  from  d i f f e r e n t  e ro s io n  s ta t io n s  th ro u g h o u t th e  U .S .A ., 
th e  U .S . A g r ic u l t u r a l  Research S e rv ic e  (1961) p resen ted  "A u n iv e rs a l 
s o i l  lo s s  e q u a tio n "  w h ich  summarized the  e m p ir ic a l r e la t io n s h ip s
in  s o i l  lo s s as fo l lo w s
A 3 RKLSCP
where A s th e  computed s o i l  lo s s  p e r u n i t  a r e a /y r .
R 3 the  r a i n f a l l  f a c to r ,
K = th e  s o i l  e r o d i b i l i t y  fa c to r ,
L = th e  s lo p e  le n g th  fa c to r ,
S 3 th e  s lo p e  g ra d ie n t  f a c to r ,
c 3 the  c ro p p in g  management f a c to r ,
p 3 th e  e ro s io n  c o n t r o l  p ra c t ic e  f a c to r .
As the  r a i n f a l l  f a c to r  in  th e  u n iv e rs a l s o i l - l o s s  e q u a tio n  
re q u ire s  many years  r a i n f a l l  d a ta  which a re  u s u a lly  a v a i la b le  o n ly  
in  Western c o u n tr ie s ,  Low (196? ) t e n t a t i v e ly  p u t fo rw a rd  a method o f  
e s t im a tin g  p o te n t ia l  e ro s io n  f o r  le s s  deve loped c o u n tr ie s  where 





a and b 
where t-f*
S
Simple methods are needed for determining the basic erodibility 
and runoff potential of specific soil-site complexes. There are 
three basic experimental approaches for determining the runoff 
and soil-loss from a catchment viz.
. Laboratory 
. small plot 
• watershed
Laboratory and small plot techniques give results comparatively 
quickly and cheaply compared to a watershed approach. When laboratory 
methods are compared with small field plots, the instrumentation, 
construction and maintenance of the plots are the more expensive 
and time-consuming. However laboratory experiments have serious 
limitations in that the natural condition of the field plot soil 
cannot be exactly duplicated in the laboratory, and the creation of 
artificial rain, which is comparable to natural rainfall in the field, 




(mean monthly rainfall in the wettest month)‘ 
mean annual rainfall
£p
Coefficients whose values depend upon the orographic 
-2 v’
coefficient = -
mean height of the terrain above its base-level, and 
projected area of the terrain.
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In  f i e l d  e xpe rim en ts  in  th e  Lower C o t te r  Catchment a rea  
G ilm o u r (1965 ) used 5 .6  square  m etres permanent p lo ts  to  measure 
s u r fa c e  r u n o f f  and s o i l  lo s s  f o r  each n a tu ra l r a i n f a l l  o v e r a year 
w i t h in  a range o f  s o i l - v e g e ta t io n  ty p e s . He found th a t  n a t iv e  
e u c a ly p t fo r e s ts  and w e l l  e s ta b lis h e d  p if ie  p la n ta t io n s  p ro v id e d  
e x c e l le n t  ca tchm ent p r o te c t io n  on a l l  s o i l  ty p e s . Young p in e  
p la n ta t io n s  on s o i l  typ e s  w ith  r e s t r ic t e d  d ra in a g e  in  th e  s u b s o il 
p ro v id e d  in s u f f i c i e n t  p r o te c t io n  and most o f  th e  s o i l  lo s s  measured 
o r ig in a te d  on v e ry  bare a reas  such as f i r e b r e a k s .  In  c o n t ra s t ,
Hayward (1969 ) found th a t  th e  r u n o f f  p lo t  method was t o t a l l y  
u n s u ita b le  f o r  e ro s io n  re s e a rc h  in  th e  South Is la n d  h i l l  and h ig h  
c o u n try  o f  New Zealand where he used 4 square  m etres p lo ts  in  th e  
R aka ia  catchm ent, re p re s e n t in g  d r ie r  s u b - a lp in e /a lp in e  C a n te rb u ry  h ig h  
c o u n try ,  to  d e te rm ine  th e  e x te n t  o f  s o i l  movement w i th in  a m ounta in  
ca tchm ent and to  assess th e  in f lu e n c e  o f  p la n t  co ve r and typ e  on 
s o i l  s t a b i l i t y .
The use o f  s p ra y in g  d e v ic e s  to  a p p ly  w a te r d rops as s im u la te d  
r a in  in  the  s tu d y  o f  r u n o f f  and e ro s io n  s ta r te d  in  th e  e a r ly  19 3 0 's  
(L o w d e rm ilk , 1930; D u leys  and Hays, 1932; N ic h o ls  and S exton , 1932; 
H e n d rickso n , 1934 ). A r a i n f a l l  s im u la to r  th a t  a p p lie d  w a te r d rops 
u n ifo rm ly  on th re e  o r  fo u r  f i e l d  p lo ts  s im u lta n e o u s ly  was deve loped 
by Meyer and McCune (1 9 5 8 ). S m a lle r la b o ra to ry  s c a le  s im u la to rs  
and d rop  tow ers  have been f r e q u e n t ly  used (M ih a ra , 1952; Basu and 
P u ra n ik , 1954; Adams e t .  a l . ,  1957; Rose, 1960, 1961; B is a l ,  1960; 
M u tc h le r  and M oldenhauer, 1963; Chow and Harbaugh, 1965; T u rn e r, 1965; 
B a lc i ,  1968; C h h e tr i,  1971; Farm er, 1973).
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In  g e n e ra l tw o  ty p e s  o f  r a i n f a l l  s im u la t io n  o r  a p p l ic a t io n  
have been used -
• S p ra y  N o zz le  Types
• D r ip p in g  Types .
Laws (1 9 4 0 ) and Laws and P a rsons  (1 9 4 3 ) used a s p ra y  n o z z le  sys tem  
in  an a t te m p t  to  re p ro d u c e  d r o p - s iz e  d i s t r i b u t i o n  and v e lo c i t y  o f  
im p a c t o f  n a tu r a l  r a i n f a l l .  M eyer and McCune (1 9 5 8 ) d e ve lo p e d  
a s p ra y  n o z z le  s im u la to r  ( c a l le d  a " r a i n u la t o r " )  w h ich  a d e q u a te ly  
s im u la te d  r a i n f a l l  w i t h  r e s p e c t  t o  d ro p  s iz e  d i s t r i b u t i o n  and v e lo c i t y  
o f  im p a c t .  The s p ra y  n o z z le  ty p e  r a i n f a l l  s im u la to r  has been 
f r e q u e n t ly  used in  e x p e r im e n ta l w o rk  in  th e  U .S .A . ,  and to  a le s s e r  
e x te n t  in  A u s t r a l ia  (G ilm o u r ,  1965; T u rn e r ,  1965; and T u rn e r  and 
L a n g fo rd ,  1 9 6 9 ).
The d r ip p in g  ty p e  o f  r a i n f a l l  s im u la to r  has been e x te n s iv e ly  
used f o r  s m a ll s c a le  la b o r a to r y  s tu d ie s  o f  s o i l - l o s s .  The d r ip p in g  
m echanism s have v a r ie d  w id e ly  from  h a n g in g  y a rn s  o f  c o t t o n ,  n y lo n  
o r  w oo l ( e . g .  C h h e t r i ,  1 9 7 1 ), t o  tu b e s  ra n g in g  fro m  a s in g le  tu b e , 
to  a c o m b in a t io n  o f  d i f f e r e n t  s iz e  tu b e s  o r  h yp o d e rm ic  n e e d le s  made 
in  th e  fo rm  o f  a te le s c o p e  ( e . g .  K i n n e l l , 1 9 7 4 ). F u r th e r  d r ip p in g  
ty p e s  o f  s im u la to r s  have been d e s c r ib e d  by E l l i s o n  and Pamerence 
(1 9 4 4 ) ,  E ke rn  and M u cke n h irn  (1 9 4 7 ) ,  Woodburn (1 9 4 8 ) ,  B is a l  (1 9 5 0 , 
I9 6 0 ) ,  Basu and P u ra n ik  (1 9 5 4 ) ,  Adams e t .  a l . , ( 1 9 5 7 ) ,  Rose ( i9 6 0 ) ,  
M u tc h le r  and M o ldenha ue r (1 9 6 3 ) ,  Chow and H arbaugh (1 9 6 5 ) and 
B a lc i  (1 9 6 8 ) .
S m ith  and W isch m e ie r (1 9 6 2 ) p o in te d  o u t t h a t  d e v ic e s  used 
to  a p p ly  w a te r  d ro p s  as  s im u la te d  r a in  f o r  th e  s tu d y  o f  r u n o f f  and
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e ro s io n  had one common weakness -  e i t h e r  d rop  s iz e  o r  v e lo c i t y  o r  bo th  
were a p p re c ia b ly  lo w e r than  in  n a tu ra l r a i n f a l l  o f  medium to  h ig h  
in t e n s i t y .  I f  th e  s o i l  lo s s  under r a i n f a l l  s im u la t io n  is  s tu d ie d  
in  th e  la b o ra to ry  th e  p re p a ra t io n  o f  th e  sample bed c o u ld  p ro b a b ly  
have a s ig n i f i c a n t  e f f e c t  on th e  s o i l  lo s s  m easured. I t  i s  suggested 
th a t  t h i s  has n o t been g iv e n  s u f f i c i e n t  a t t e n t io n  in  th e  s tu d ie s  
re p o r te d  bu t in  any e ven t la b o ra to ry  s tu d ie s  co u ld  o n ly  g iv e  an in d ex  
o f  e r o d i b i l i t y  because i t  i s  n o t p r a c t ic a b le  to  o b ta in  u n d is tu rb e d  
s o i l  sam ples fo r  the  la b o ra to ry  t e s t s .
Bryan (1968 ) s ta te d  th a t  s o i l  e r o d i b i l i t y  may be assessed 
e i t h e r  by a c tu a l measurements o f  s o i l - l o s s  under c o n t r o l le d  c o n d it io n s  
( e .g .  as in  r a i n f a l l  s im u la t io n ) ,  o r  by th e  is o la t io n  o f  c e r ta in  
s o i l  p ro p e r t ie s  as in d ic e s  o f  e r o d i b i l i t y .  Measurement o f  s o i l - l o s s  
under c o n t r o l le d  c o n d it io n s  in  th e  f i e l d  re q u ire s  e la b o ra te  
in s t a l la t io n s  and o b s e rv a t io n  f o r  le n g th y  p e r io d s .  In d ic e s  o f  
e r o d i b i l i t y ,  on th e  o th e r  hand, can u s u a l ly  be d e r iv e d  from  norm al 
a n a ly t ic a l  d a ta  and th e re fo re  re q u ir e  l i t t l e  s p e c ia l equ ipm ent. 
W ischm eier and M annering (1969 ) in v e s t ig a te d  th e  r e la t io n  between 
i n f i l t r a t i o n  c a p a c ity  and c a p a c ity  to  r e s i s t  detachm ent and t ra n s ­
p o r ta t io n  by r a i n f a l l  and r u n o f f  and s o i l  p h y s ic a l and ch em ica l 
p r o p e r t ie s ,  in  a 5 - ye a r f i e l d ,  la b o ra to ry  and s t a t i s t i c a l  s tu d y  
in c lu d in g  55 s e le c te d  co rn  b e l t  s o i l s  o f  In d ia n a , G eorg ia  and 
M in n eso ta . They d e r iv e d  an e m p ir ic a l e q u a tio n  in c lu d in g  an e r o d ib i l i t y  
fa c to r  f o r  s p e c i f ic  s o i l s .  From s e v e ra l t e s t s ,  th e y  found th a t  th e  
e q u a tio n  appeared to  p r e d ic t  w ith  good a ccu ra cy  th e  n u m e ric a l 
e r o d i b i l i t y  in d ex  f o r  any s p e c i f i c  s o i l  in  the  s i l t ,  s i l t - lo a m ,  
loam o r  sandy loam te x tu r e  g ro u p s . These a re  th e  most e r o d ib le .
36
In  an e f f o r t  to  compare th e  e f fe c t iv e n e s s  o f  d i f f e r e n t  
methods f o r  a sse ss in g  s o i l  e r o d i b i l i t y ,  C h h e tr i (1971) measured s o i l -  
lo s s  from  a p repa red  s o i l- b e d  under s im u la te d  r a i n f a l l  in  th e  
la b o r a to r y .  About 6 c u . m e tres  o f  to p  h a l f  m etre  o f  th e  s u rfa c e  
s o i l  was c o l le c te d  from  th e  f i e l d ,  a i r  d r ie d  and made in to  a s o i l  
bed (2 .7  m x 0 .9  m x 0 .3  m) a f t e r  pass ing  th ro u g h  an 8 mm s q u a re - 
h o le  s ie v e ,  A t th e  bottom  o f  th e  s o i l- b e d  a la y e r  o f  g ra v e l was 
g lu e d . Then a m ix tu re  o f  s m a ll g ra v e l and sand was spread o ve r i t  
to  5 cm d e p th . The s o i l- b e d  was f i l l e d  in  th re e  la y e rs  from  one 
end to  th e  o th e r  w ith o u t  re v e rs in g  th e  d i r e c t io n .  S o i l  was f i l l e d  
up to  5 cm below th e  to p  edges o f  th e  s o i l- b e d  and a l i g h t  wooden 
plank, used to  le v e l  th e  s o i l  s u r fa c e , and no more com paction  o th e r  
than th a t  w hich n a t u r a l ly  o ccu rre d  d u r in g  the  p rocess o f  f i l l i n g  was 
a tte m p ted  w h ile  le v e l l in g  the  s o i l  s u r fa c e . He used the  s o i l -  
lo s s  as a s ta n d a rd  w ith  w h ich  to  compare r e a d i ly  m easurable p ro p e r t ie s  
o f  s o i l ,  re p o r te d  by p re v io u s  w orke rs  to  be in d ic e s  o f  e r o d ib i l i t y .
He a ls o  a p p lie d  measured p ro p e r t ie s  o f  s o i l  to  the  s o i l  e r o d i b i l i t y
e q u a tio n  deve loped by W ischm eier and M annering (1969 ) and found
th a t  tfits r e s u l t s  were th e  same as when a c tu a l ly  measured under s im u la te d
r a i n f a l l  e ro s io n  te s t s ,  th u s  s u p p o r t in g  th e  v a l i d i t y  o f  m easurable
s o i l  p ro p e r t ie s  as in d ic e s  o f  e r o d ib i l i t y ,  as suggested by Hayward
(1 9 6 9 ).
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2 . G FOREST MANAGEMENT PRACTICES AND SOIL EROSION
F o re s ts  a re  v e ry  e f f e c t iv e  in  c o n t r o l l in g  e ro s io n , e s p e c ia l ly  
i f  th e y  a re  u n d is tu rb e d . The t r e e  canopy in te r c e p ts  r a i n f a l l  and 
reduces i t s  e n e rg y . Drops th a t  reach  th e  ground a re  q u ic k ly  
absorbed in  th e  le a f  l i t t e r  and from  th e re  in t o  th e  h ig h ly  porous 
s o i l  s u r fa c e .  However, when fo r e s t  i s  d is tu rb e d  by tra m p lin g  o f  
l iv e s to c k  o r  by lo g g in g  o p e ra t io n s ,  th e  n a tu ra l p ro te c t io n  from  e ro s io n  
may be im p a ire d  o r  d e s tro y e d .
N a tu ra l e ro s io n  p rocesses o p e ra te  in  a l l  f o r e s ts  e s p e c ia l ly  
d u r in g  p e r io d s  o f  heavy r a i n f a l l .  M a jo r fa c to r s  in  s o i l  e ro s io n  
a re  im p ro p e r c u l t i v a t i o n  methods and mismanagement o f  t re e  and 
herbaceous v e g e ta t io n  which le a v e  th e  s o i l  s t r ip p e d  o f  p ro te c t io n  
and s u s c e p t ib le  to  th e  e ro s iv e  agenc ies  o f  w ind and w a te r (Brown 
e t . a l . ,  1968 ). Thus fo r e s ts  c o n t r o l  e ro s io n  e f f e c t i v e ly  o n ly  i f  
th e y  a re  p ro p e r ly  managed (Kohnke and B e r tra n d , 1959).
C om b inations o f  t r e e  and g ra s s , as w e ll  as c o m b in a tio n s  o f  
t re e s  and sh ru b s , have im p o r ta n t a p p l ic a t io n s  f o r  th e  c o n t r o l  o f  r u n o f f  
and e ro s io n  in  s p e c ia l c o n d it io n s  (B e n n e tt,  1939 ). In  a w e l l -  
s tocke d  s tand  the  t re e  to p s  a re  u s u a lly  c lo s e  enough to  touch  and 
fo rm  a c lo s e d  canopy and f r e q u e n t ly  s m a ll t r e e s ,  sh rubs and o th e r  
fo rm s  o f  le s s e r  v e g e ta t io n  make up a la y e r  o f  unde rg row th  o f  v a ry in g  
th ic k n e s s  which a ls o  p ro v id e s  p ro te c t io n  a g a in s t  e xce ss ive  r u n - o f f  
and s o i l  e ro s io n .
2 .6 .1  The Im portance  o f  S o i l  Cover
V e g e ta tiv e  co v e r i s  th e  b e s t p r a c t ic a l  p ro te c t io n  a g a in s t  
e xce ss ive  sh ee t e ro s io n  because i t  b reaks ra in d ro p  im pac t and
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favourably influences infiltration capacity. The floors of forests 
are often covered with a thick carpet of litter and the underlying 
soil is kept open and granular, providing ideal conditions for absorption 
of water and rainfall is stored and run-off more gradual.
Osborn (1956) studied the effects of vegetative cover and 
soil on splash-erusion on rangeland in Texas and Okalahoma and 
developed vegetative cover requirements to control splash-erosion 
on soils with various textures and plant species composition. Water 
erosion hazard varied with soil detachability and for equal protection , 
5600 kilograms of cover per hectare were required for a soil with a very 
high detachability index of 90 percent (as compared to a standard 
structureless sand as 100 percent)>and, at the other extreme, a soil 
with a detachability index of 10 percent required only about 170Q kg/ha 
of cover.
On the basis of simulated rain experiments on granite soils 
in southern Idaho, Packer (1951) concluded that adequate control of 
summer storm run-off and erosion on wheatgrass (Agropyron inerma) 
range requires at least 70 percent gound cover of plants and litter and 
that bare openings should be no larger than 10 cm in diameter.
On cheatgrass (Boramus tectorum] range, 70 percent ground cover is 
again required but bare openings should be no larger than 6 centimeters. 
Packer (1963) also prescribed ground cover density of at least 70 
percent and soil bulk densities not greater than 1,04 g/cc as necessary 
to maintain soil stability on the Gallatin elk winter range in south­
central Montana
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Using a rainfall simulator on a subalpine cattle range in 
central Utah, Meeuwig (1965) found that soil erosion was more closely 
correlated with the proportion of soil surface protected from direct 
raindrop impact by plants, litter and stone than any other measured 
variable. In a later study Meeuwig (197Q) applied simulated rain to 
small plots on seven mountain rangeland sites in Utah, Idaho and Mpntana, 
and again found that the magnitude of erosion depended primarily on 
the proportion of the soil surface protected from direct raindrop 
impact by plants, litter and (in some cases) stone.
Forests do not always intercept the entire precipitation 
in a storm event and transfer it to soil run-off. For example 
where the precipitation is particularly heavy, as in the slopes of the 
Assam mountains in India where the average yearly precipitation 
amounts to '12,500 mm and sometimes reaches more than 1,000 mm in 24 
hours. However when the precipitation is lower and distributed more 
evenly over the year, forests may prevent surface run-off almost com­
pletely. The peak of water discharge on forested terrain seldom
3 2exceeds rates of the order of 600 m /sec/km , whereas on eroded and
3 2bare areas it may reach 1000 m /sec/km or more (Molchanov, 1960).
He gave an example from the Mississippi region of the United States 
of America where in a single flood lasting from 15 December 1936 
to 25 February 1937, 62% of rainfall became run-off from the surface 
of agricultural land, causing erosion of 85 tonne/ha of soil. Over 
a longer period this run-off reached even 75-96%. Under the same 
conditions, a low oak stand would have absorbed in the soil as much as 
98% of the precipitation leaving only 2% to run off the surface, 
showing that even a young stand of oak is a valuable protection against
erosion
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The re d u c t io n  in  s u r fa c e  r u n - o f f  by f o r e s t  c o v e r as compared 
to  g ra s s  is  p a r t i c u la r l y  im p o r ta n t d u r in g  p e r io d s  o f  e x ce ss ive  r a i n f a l l  
s in c e  s u r fa c e  r u n - o f f  i s  p r im a r i ly  re s p o n s ib le  f o r  e ro s io n  and f o r  
f lo o d in g  fo l lo w in g  a ra p id  r is e  in  s tream  le v e ls  (L e y to n , 1962 ).
Removal o f  n a tu ra l v e g e ta t io n  (by  s p ra y in g  w ith  Grammoxone) in c re a s e d  
r u n - o f f  from  7 to  21% o f  th e  annua l r a i n f a l l ,  w h ile  s o i l  on p lo ts  
c a r r y in g  a v e g e ta l c o v e r showed 40-50% h ig h e r  i n f i l t r a t i o n  ra te s  than  
bare  s o i l  ( lo e s s )  (Tadmor and Shanan, 1969). The amount o f  ground 
c o v e r was shown to  be more im p o r ta n t than  th e  ty p e  o f  co v e r in  
c o n t r o l l in g  s o i l  lo s s  and s u r fa c e  r u n - o f f  in  th e  C o t te r  ca tchm ent 
o f  th e  A u s t ra l ia n  C a p ita l T e r r i t o r y .  S o i l  lo s s  was n e g l ig ib le  from  
p lo ts  w ith  more tha n  0 .72  kg/m o f  ground c o v e r, b u t marked in c re a s e s  
in  s o i l  lo s s  re s u lte d  from  co v e r re d u c t io n s  below t h is  va lu e  and a 
h ig h ly  s ig n i f i c a n t  c o r r e la t io n  was o b ta in e d  between th e  c o n s ta n t 
i n f i l t r a t i o n  ra te  in  th e  'w e t run* o f  th e  e xpe rim en ts  and th e  oven d ry  
w e ig h t o f  ground c o v e r (G ilm o u r, 1965 ), T h is t le th w a ite  (1970) 
used th e  same p lo t  d e s ig n  as th a t  deve loped by G ilm o u r (1965) to  in ­
v e s t ig a te  s u r fa c e  r u n - o f f  e f f e c t s  in  P. r a d ia ta  p la n ta t io n s  in  the  
Lower C o t te r  C atchm ent. The l in e a r  re g re s s io n s  o f  t o t a l  g round co ve r 
(w e ig h t o f  d ry  m a tte r  p e r u n i t  a re a ) and s u rfa c e  r u n - o f f  were h ig h ly  
s ig n i f i c a n t ,  th e  r e la t io n s h ip s  be ing  p r im a r i ly  due to  th e  p resence 
o f  th e  F la y e r .  T h is t le th w a ite  conc luded  th a t  in  P. ra d ia ta  
p la n ta t io n  i f  the  i n f i l t r a t i o n  component i s  n e g le c te d , th e  r u n - o f f  
decreases as the  ground c o v e r , and p a r t i c u la r l y  th e  mass o f  decomposing
p in e  l i t t e r ,  in c re a s e s
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2 .6 .2  T im ber U t i l i z a t i o n  arid S i l v i c u l t u r a l  T rea tm en ts
The fo r e s t  s e rv ic e s  o f  A u s t r a l ia  a re  re s p o n s ib le  f o r  managing 
la rg e  a reas o f  n a t iv e  f o r e s t .  About 141,700 h e c ta re s  o f  these  fo r e s ts  
a re  e x p lo ite d  a n n u a lly  -  9 9 ,5  p e rc e n t o f  th e  c u t  is  from  fo r e s ts  in  
th e  S ta te s  and th e  re m a in in g  0 .5  p e rc e n t is  from  fo r e s ts  in  the  
T e r r i t o r ie s  a d m in is tra te d  by th e  Commonwealth (Brown e t .  a l . ,  i9 6 0 ) .
The main o b je c t iv e  o f  management o f  th e  n a t iv e  f o r e s t  in  A u s t r a l ia  
i s  t im b e r  p ro d u c t io n .  The p r o d u c t iv i t y  o f  th e  in d ig e n o u s  sp e c ie s  
is  u s u a lly  v e ry  lo w , and in te n s iv e  management to  a ch ie ve  maximum 
p ro d u c t io n  o f  these  s p e c ie s  i s  p ro b a b ly  j u s t i f i e d  on o n ly  a s m a ll 
p a r t  o f  th e  fo r e s ts  (F lo re n c e , 1969 ).
The most im p o r ta n t s i l v i c u l t u r a l  system s adopted in  
A u s t r a l ia  a r e : -
• C le a r - c u t t in g ,  f o r  example in  most p la n ta t io n s ;
• S e e d - t re e s , fo r  example in  r a in  fo r e s ts  o f  Queensland;
• S e le c t io n ,  f o r  example New South Wales c o a s ta l e u c a ly p ts
and C ypress a reas o f  Queensland;
. C opp ice .
The s i l v i c u l t u r a l  system s have m a rked ly  d i f f e r e n t  e f fe c ts  in  term s 
o f  lo c a l iz e d  e ro s io n .
More than  a c e n tu ry  ago S i r  C h a rle s  L y e l l  (1£349) commented 
on th e  in c re a se d  sed im en t lo a d3  c a r r ie d  by stream s in  th e  e a s te rn  
U n ite d  S ta te s  as a r e s u l t  o f  f o r e s t  c le a r in g .  P acker (1967) summarised 
re se a rch  work to  d e te rm in e  th e  e f f e c t s  on e ro s io n  o f  f o r e s t  tre a tm e n ts  
a s s o c ia te d  w ith  t im b e r  h a rv e s t in g  and conc luded t h a t : -
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• U n d is tu rb e d  f o r e s t s  p ro d u ce  o n ly  s m a ll am ounts o f  se d im e n t
and a s t re a m f lo w  u s u a l ly  s u i t a b le  f o r  d r in k in g ;
• T im b e r c u t t in g  does n o t  a d v e rs e ly  a f f e c t  w a te r  q u a l i t y ,
w i th  th e  p o s s ib le  e x c e p t io n  o f  s u b s ta n t ia l  in c re a s e s  
in  s tre a m b a n k  e ro s io n  caused by h ig h e r  s tre a m flo w  peaks ;
. L o g g in g , o r  s k id d in g  o f  lo g s  fro m  f o r e s t s ,  can som etim es 
in c re a s e  s e d im e n ta t io n  c o n s id e ra b ly ,  d e p e n d in g  upon 
th e  lo c a t io n  and d ra in a g e  o f  s k id w a y s , th e  e r o d i b i l i t y  
and s to n in e s s  o f  s o i l s ,  and th e  r a p i d i t y  o f  r e ­
v e g e ta t io n  o f  s k id w a y s ;
. Roads t h a t  a re  in a d e q u a te ly  d ra in e d  o r  a re  lo c a te d  to o
c lo s e  to  s tre a m s  a re  th e  m ain cause o f  d e t e r io r a t io n  
o f  w a te r  q u a l i t y  i n  f o r e s t s .
Bormann and L ik e n s  [1 9 7 0 ] r e p o r te d  t h a t  when a l l  v e g e ta t io n  
was c u t  in  a 1 5 .6  h e c ta re s  w a te rs h e d  e x p e r im e n ta l f o r e s t  in  New 
H a m p sh ire , d e fo r e s ta t io n  had a p ronounced  e f f e c t  on r u n - o f f ,  w i th  an 
in c re a s e  in  th e  am ount and f lo w  r a te  o f  w a te r  and th e  breakdow n o f  
b io lo g ic a l  b a r r ie r s  to  e ro s io n  and t r a n s p o r t a t io n .  A nderson  (1 9 7 1 ) 
r e p o r te d  some e f f e c t s  o f  f o r e s t  management p r a c t ic e s  on e r o s io n .  P a s t 
la n d  u s e , f o r e s t  f i r e s ,  ro a d  b u i ld in g ,  p o o r lo g g in g  and c o n v e rs io n  
o f  s te e p  la n d s  to  g r a s s - la n d  had in c re a s e d  s e d im e n t d is c h a rg e  by 
f a c t o r s  ra n g in g  fro m  1 .2 4  to  more th a n  4 .  M a jo r  f lo o d s  have in c re a s e d  
su b se q u e n t t u r b i d i t y  o f  s t re a m f lo w  by a f a c t o r  o f  2 , and in c re a s e s  
w ere g r e a te r  in  lo g g e d  a re a s  th a n  in  u n d is tu rb e d  w a te rs h e d s . M ost 
la n d s l id e s  were a s s o c ia te d  w i th  ro a d  d e v e lo p m e n t, some w ith  lo g g e d  
a re a s , and v e ry  few  w ith  u n d is tu rb e d  f o r e s t  a re a s .  B a r to n  (1 9 7 2 )
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d is c u s s e d  th e  d e s i r a b i l i t y  o f  f o r e s t r y  p r a c t ic e  w i t h in  a d e v e lo p e d  
w a te r  c a tc h m e n t i n  th e  Hunva ra n g e s , New Z e a la n d . Removal o f  a t  
le a s t  20 p e rc e n t  o f  th e  v e g e ta t io n  fro m  an a re a  in c re a s e d  w a te r  y i e l d ,  
and th e  c h ie f  cause  o f  w a te r  p o l l u t i o n  fro m  lo g g in g  o p e r a t io n s  was 
in c re a s e d  s e d im e n ta t io n  fro m  e ro s io n  caused n o t by th e  f e l l i n g  o f  
th e  v e g e ta t io n ,  b u t  by th e  m echan ized  m ethods em ployed to  rem ove th e  
t im b e r .
A lth o u g h  f i r e  may be a m a jo r  cause  o f  e ro s io n  fro m  
fo r e s te d  c a tc h m e n ts , B ough ton  (1 9 7 0 ) c o n s id e re d  th e re  a re  th r e e  o th e r  
p r i n c ip a l  s o u rc e s  o f  t u r b i d i t y  and e ro s io n  p ro b le m s  due to  f o r e s t r y  
p r a c t ic e s  and a c t i v i t i e s  i n  A u s t r a l i a .  These a r e : -
• C o n s t r u c t io n  o f  ro a d s  th ro u g h  f o r e s t s  f o r  g e n e ra l
a c c e s s , f o r  f i r e  c o n t r o l  p u rp o s e s , and f o r  th e  
e x t r a c t io n  o f  t im b e r ;
• L o g g in g  a c t i v i t i e s ,  p a r t i c u l a r l y  w here  w o rk  i s  c a r r ie d
o u t  a ro u n d  w a te r  c o u rs e s  o r  w here s k id  t r a c k s  a re  
used to  h a u l lo g s  to  lo a d in g  a re a s ;
. C le a r in g  o f  la r g e  a re a s  o f  n a t iv e  f o r e s t  f o r  th e  
e s ta b l is h m e n t  o f  a p la n t a t io n .
C o n s t r u c t io n  o f  ro a d s  in v o lv e s  th e  re m o v a l o f  p la n t  and l i t t e r  
p r o te c t io n  o v e r  a w id e  t r a c t  o f  f o r e s t  to  expose raw  m in e ra l s o i l ,  
and th u s  e f f e c t  th e  s o i l  p o r o s i t y  and p e r m e a b i l i t y .  L u l l  (1 9 6 2 ) 
s ta te d  t h a t  g e n e r a l ly ,  w i t h  m echan ized  lo g g in g ,  s o i l  c o m p a c tio n  
due to  th e  movement o f  e q u ip m e n t may o c c u r  o v e r  up to  40% o f  an a re a  
w h i le  th e  s k id  ro a d s  ta k e  up to  20%. F re d r ik s e n  (1 9 6 5 ) 
o b se rve d  r u n - o f f  fro m  th e  f i r s t  r a in s to rm s  a f t e r  ro a d  c o n s t r u c t io n
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removed 250 times the concentration of sediment carried in an adjacent 
undisturbed stream. Dyrness (1967a) reported that in one drainage 
in western Oregon, 72 percent of the mass soil erosion events resulting 
from a major flood were in some way associated with logging roads. 
Swanston (1971) stated that logging, road building and fire play an 
important part in the initiation and acceleration of soil mass 
movement. Road building was the most damaging activity with soil 
failures resulting largely from slope loading, back-slope cutting 
and inadequate slope drainage. Logging and fire affect soil 
stability primarily through destruction of natural mechanical support 
of the soils, removal of surface cover and obstruction of main drainage 
channels by debris. In two steep headwater drainages, H.J. Andrews 
Experimental Forest, Oregon, landslides were the predominant source 
of increased sedimentation of streams over a 9 year period following 
timber harvest, (Fredriksen, 1970). At a forest hydrological research 
site, North Queensland, the bulk of the suspended sediment in streams 
was frequently derived from a small number of sediment source areas 
such as poorly located roads, snig tracks and log ramps (Queensland 
Dept, of Forestry, 1971)•
Megahan and Kidd (1972) used erosion plots and sediment 
dams to evaluate the effect of jammer and skyline logging systems on 
erosion and sedimentation in steep, ephemeral drainages in the 
Idaho Batholith of Central Idaho. Five years of plot data indicated 
no difference in erosion resulting from the two skidding systems 
as applied in the study, but sediment dam data showed the logging 
operation alone (that is excluding roads) increased sediment production
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by a f a c t o r  o f  a bou t Ü.G o v e r th e  n a tu ra l sed im en t r a t e .  Roads 
a s s o c ia te d  w ith  th e  Jammer lo g g in g  system  in c re a s e d  sed im en t p ro d u c t io n  
on an average  a bou t 750 tim e s  th e  n a tu ra l r a te  f o r  th e  s ix - y e a r  p e r io d  
fo l lo w in g  c o n s t r u c t io n .
F ir e  may be a s e r io u s  f a c t o r  in  a c c e le ra t in g  th e  e ro s io n  
p rocesses in  fo re s te d  ca tch m e n ts . They cause a marked change in  
th e  m ic ro -e n v iro n m e n t and u p se t th e  n a tu r a l b a la n c e . Severe f i r e s  
o r  a s u cce ss io n  o f  r e la t i v e l y  l i g h t  f i r e s  can r e s u l t  in  an in c re a s e d  
ra te  o f  r u n - o f f  ca u s in g  s o i l  e ro s io n ,  th e  f lo o d in g  o f  r iv e r s  and 
th e  s i l t i n g  o f  w a te r r e s e r v o ir s .  Some te n ta t iv e  s tu d ie s  o f  f i r e  
e f f e c t s  on v e g e ta t io n  and s o i l s  were made by U n iv e r s i t ie s  and F o re s t 
S e rv ic e s  b e fo re  1954 and f i r e  c o n t r o l  re s e a rc h  on a n a t io n a l b a s is  
began in  A u s t r a l ia  in  1954 w ith  the  e s ta b lis h m e n t w i th in  th e  
Commonwealth F o re s tr y  and T im ber Bureau o f  a bush f i r e  re s e a rc h  
s e c t io n .  Now much o f  th e  work on f i r e  e f f e c t s  i s  c a r r ie d  o u t by fo r e s t r >  
re s e a rc h  g ro u p s , p la n t  p h y s io lo g is ts  and e c o lo g is ts ,  Z o o lo g is ts ,  
s o i l  s c ie n t i s t s  and h y d r o lo g is ts  w o rk in g  w i th in  th e  U n iv e r s i t ie s ,  
C .S .I .R .O . and C o n s e rv a tio n  A u th o r i t ie s  (K e llo w , 1969).
F o re s t f i r e s  a re  o f  two ty p e s , u n c o n tro l le d  o r  w ild  f i r e s  
and c o n t r o l le d  o r  p re s c r ib e d  ourns  and b o th  a re  o f te n  fo l lo w e d  by 
in c re a s e d  ra te s  o f  s u r fa c e  e ro s io n .  A lth o u g h  seve re  b u rn in g  may 
cause in c re a se d  e r o d i b i l i t y ,  l i g h t  b u rn in g  a p p a re n t ly  has l i t t l e  
e f f e c t  on s o i l  p r o p e r t ie s .  A change o f  p r im a ry  im p o rta n ce  caused by 
f i r e  i s  rem ova l o f  p r o te c t iv e  c o v e r o f  v e g e ta t io n  and l i t t e r .  S in ce  
o rg a n ic  m a tte r  i s  an im p o r ta n t cem enting  a ge n t in  s o i l  a g g re g a te  fo rm a ­
t io n ,  any rem ova l by f i r e  may have an a dve rse  e f f e c t  on s t r u c t u r a l
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s t a b i l i t y  o f  th e  s o i l .  In te n s iv e  b u rn in g  in c re a s e s  e ro s io n  and ru n ­
o f f  and th e  amount o f  r u n - o f f  and e ro s io n  fo l lo w in g  any b u rn in g  a ls o  
depends on th e  t im in g  and p a t te rn  o f  r a i n f a l l  which fo l lo w  
(D yrne ss , 1967b). Boughton (197G) c o n tra s ts  the  in c re a s e  in  s tre a m - 
f lo w  and e ro s io n  from  a heavy s to rm  w hich o ccu rre d  seven months a f t e r  
a f i r e  a t  W a lla c e 's  Creek in  th e  A u s t ra l ia n  A lp s  w ith  th e  C h ic h e s te r  
Catchm ent nea r N ew castle  w ith  no heavy r a in  e xpe rienced  s ix  months 
a f t e r  th e  f i r e .  Sedim ent c o n c e n tra t io n s  a t  W a lla c e 's  Creek were abou t 
one thousand tim e s  those  found b e fo re  th e  f i r e ,  whereas th e re  was no e ro s io n  
and in c re a s e d  in  t u r b i d i t y  in  th e  C h ic h e s te r  Catchm ent.
The use o f  low  in t e n s i t y  p re s c r ib e d  b u rn in g  as a s i l v i c u l t u r a l  
t o o l  and a means o f  rem oving  e x ce ss ive  amounts o f  d ry  f u e l  from  th e  
f l o o r  o f  th e  fo r e s t  to  reduce  h ig h  in t e n s i t y  w i ld f i r e s  has in c re a s e d  
in  A u s t r a l ia  o v e r th e  la s t  decade. G ilm o u r and Cheney ( i9 6 0 )  
measured i n f i l t r a t i o n  ra te s  b e fo re  and a f t e r  a p re s c r ib e d  burn o f  low  
in t e n s i t y  in  a 2 3 -y e a r o ld  p la n ta t io n  o f  r a d ia ta  p in e  f P inus ra d ia ta  
D. Don) a t  S trom lo  F o re s t,  A .C .T . by a p p ly in g  a r t i f i c i a l  r a i n f a l l ,  
a t  a ra te  o f  QC p o in ts  in  15 m in u te s , to  r u n - o f f  p lo ts  w hich were 5 .6  
square  m etres in  a re a . They conc luded  th a t  a p re s c r ib e d  burn o f  low  
in t e n s i t y  co u ld  be c a r r ie d  o u t in  a p la n ta t io n  o f  r a d ia ta  p in e  w ith o u t  
ca u s in g  e i t h e r  s o i l  lo s s  o r  a s ig n i f i c a n t  re d u c t io n  in  i n f i l t r a t i o n .
The f i r e  reduced th e  average f u e l  q u a n t i ty  on th e  p lo ts  from  8 .B  t / h a  
to  6 .3  t / h a  and g r e a t ly  reduced th e  f i r e  hazard by rem oving th e  in ­
flam m able  f i r e  fu e ls  and th e  heavy s la s h  p i le s .  The w e ig h t o f  ground 
co v e r l e f t  a f t e r  th e  f i r e  in  th e  s tu d y  was c lo s e  to  7 .2  t /h a  w hich 
would be s u f f i c i e n t  to  keep s u r fa c e  r u n - o f f  and s o i l  lo s s  a t  a minimum 
in  bo th  n a t iv e  fo r e s ts  and p in e  p la n ta t io n s  (G ilm o u r, 1965 ).
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Brown and Krygier (1971) studied the impact of road con­
struction, two patterns of clear-cut logging, and control slash 
burning on the suspended sediment yield and concentration from three 
small watersheds in the Oregon Coast Range for 11 years. Sediment 
production was double after road construction but before logging 
in one watershed, and was tripled after burning and clear-cutting 
of another watershed. Mersereau and Dymess (1972) also reported 
that clearcut logging and slash burning in a steep 96 hectare 
watershed in Western Oregon resulted in increased rates of soil 
movement, especially on slopes unprotected by organic debris. During 
the first growing season after burning, soil movement, which largely 
occurred as dry gravel, was more pronounced on QOP/o than 60°/o slopes, on south 
aspects compared with north aspects, and in areas having little 
plant cover compared with well vegetated areas. By the second 
growing season after burning, rapid invasion by vegetation essentially 
halted soil movement on all slopes except extremely stony talus areas.
Craig (1969), from his own results together with those of nearly all 
other workers who have done similar studies, concluded that heating or 
burning a soil even at quite high temperatures, causes very little 
breakdown in structure, but leads to the production of soil aggregates 
which are much more stable to raindrop impact than the original 
unburnt ones.
2.6.3 Afforestation and Reforestation
In water supply catchments, clearing of native vegetation 
for planting of exotic softwood forests (usually radiata pine) has
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produced  p ro b le m s  o f  t u r b i d i t y .  A p e r io d  o f  tw o to  th re e  y e a rs  o c c u rs  
fro m  th e  t im e  c le a r in g  o f  th e  n a t iv e  v e g e ta t io n  u n t i l  th e  p la n ta t io n  
t r e e s  g row  enough to  e s ta b l is h  an e ro s io n  r e ta r d in g  c o v e r  (B o u g h to n , 
197G ). H a m ilto n  (1 9 6 4 ) s tu d ie d  th e  changes p roduced  in  th e  f o r e s t  
f l o o r  and s o i l  p r o f i l e  c h a r a c t e r i s t i c s ,  when c o m m u n itie s  d o m in a te d  by 
e u c a ly p ts  a re  re p la c e d  by f o r e s t s  o f  r a d ia ta  p in e .  He co n c lu d e d  t h a t  
im p o r ta n t  changes in  s o i l  p r o p e r t ie s  w h ich  o c c u r  u n d e r p in e s ,  such 
as in c re a s e  in  b u lk  d e n s i t y  and d e c re a se  in  o rg a n ic  m a t te r ,  s u g g e s t 
d e c l in in g  s u i t a b i l i t y  f o r  p la n t  g ro w th .
U rs ic  and D u f fy  (1 9 7 2 ) exam ined th e  r u n - o f f  and s e d im e n t 
y ie ld  c h a r a c t e r i s t i c s  o f  e ig h t  s m a l l ,  p in e -c o v e re d  w a te rs h e d s , 
w i th  a w ide  ra n g e  o f  s o i l  and a n te c e d e n t e ro s io n  c o n d i t io n s .  S o u th e rn  
p in e s ,  p a r t i c u l a r l y  l o b l o l l y  f P in u s  ta e d a  L . )  were id e a l  f o r  e ro s io n  
c o n t r o l ,  and a v e ra g e  a n n u a l w a te r  and se d im e n t y ie ld s  c o u ld  be 
s a t i s f a c t o r i l y  p re d ic te d  fro m  a n n u a l p r e c ip i t a t i o n  and s o i l  s u rv e y  
in f o r m a t io n .  They a ls o  d is c u s s e d  th e  e f f i c ie n c y  o f  p in e  p la n t in g s ,  
i n  c o n t r o l l i n g  f lo o d  f lo w  and s e d im e n t y ie ld s .
2 .6 .4  L f f e c t a  o f  S o i l  C o n s e rv a t io n  P ra c t ic e s
P ro p e r la n d  use f o r  p e rp e tu a l b e n e f i t  can o n ly  be a c h ie v e d  
th ro u g h  s o i l  c o n s e rv a t io n ,  t h a t  i s ,  i f  th e  la n d  i s  p r o p e r ly  managed u n d e r 
s u i t a b le  c o n d i t io n s  o f  v e g e ta t io n .  O g ih a ra  ( i9 6 0 )  in  Japan , 
re c o g n is e d  t h a t  a lth o u g h  f o r e s t  i s  a lm o s t a b s o lu te ly  e f f e c t i v e  a g a in s t  
s u r fa c e  e r o s io n ,  i t  i s  n o n - e f f e c t iv e  a g a in s t  deep e r o s io n .
The S ta n d in g  C om m ittee  on S o i l  C o n s e rv a t io n  (1971 ) r e p o r te d ,  
when th e  s o i l  c o n s e rv a t io n  o r g a n iz a t io n s  were f i r s t  e s ta b l is h e d  in
49
A u s t r a l ia  and commenced t a c k l in g  th e  w id e sp re a d  p ro b le m s  o f  s o i l  
e ro s io n  and d e c l in in g  f e r t i l i t y ,  t h a t  th e re  were many o p p o r tu n i t ie s  
to  d e m o n s tra te  th e  more econom ic p ro d u c t io n  a c h ie v e d  by s o i l  conser^- 
v a t io n  p r a c t ic e s  and la n d  u s e . The a p p l ic a t io n  o f  s o i l  c o n s e rv a t io n  
m easures re v e rs e d  th e  p a t te r n  o f  d e c l in in g  y ie ld s  and opened th e  
way f o r  th e  im p rovem en t o f  s o i l  r e s o u rc e s .  The b e n e f i t s  o f  s o i l  
c o n s e rv a t io n  p r a c t ic e s  and la n d  use f o r  fa rm  la n d s  a r e : -  
. c o n t in u e d  p r o d u c t io n  w ith  in c re a s in g  y ie ld s ;
• in c re a s e d  p r o d u c t io n  f in a n c e d  fro m  a n n u a l r e tu r n s ;  and 
. in c re a s e d  p r o te c t io n  o f  a r e s e r v o i r  f o r  a r e l a t i v e l y  
lo w  c o s t .
S ed im en t p ro d u c t io n  r e s u l t in g  fro m  s u r fa c e  e ro s io n  on f i l l  
s lo p e s  can be re d u ce d  more th a n  95% by a p p l ic a t io n  o f  g ra s s  seed and 
f e r t i l i z e r ,  and p r o te c t in g  th e  s o i l  w ith  s t ra w  m ulch and w ire  n e t t in g  
(B e th la h m y  and K id d , 1 9 6 5 ). A number o f  n o n - f o r e s t - r e la t e d  
a c t i v i t i e s  such as p o w e r lin e  c le a r in g ,  dam c o n s t r u c t io n  and s t r i p  
m in in g  a re  a ls o  s o u rc e s  o f  s e d im e n t fro m  la n d s  w i t h in  th e  f o r e s t s .
The same p r in c ip le s  as f o r  ro a d  c o n s t r u c t io n  and lo g g in g  s h o u ld  be 
a p p lie d  so t h a t  b a re  s o i l  i s  k e p t to  a minimum and s t a b i l i z e d  by 
v e g e ta t io n .
2 .7  GENERAL CONCLUSION
S o i l  e ro s io n  i s  th e  r e s u l t  o f  in c o r r e c t  la n d  u s e . S e v e r i t y  
o f  s o i l  e ro s io n  a t  any p la c e  depends upon th e  e f f e c t s  and in t e r a c t io n  
o f  c l im a te ,  to p o g ra p h y , v e g e ta t io n ,  s o i l  and human f a c t o r s .  Some 
s o i l s  e ro d e  e a s i ly  w h ile  o th e r s  r e s i s t  th e  a c t io n  o f  e ro s iv e  a g e n ts
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under s im i la r  e nv iron m e n t because o f  d i f f e r e n t  p h y s ic a l,  chem ica l 
and b io lo g ic a l  p r o p e r t ie s .
S o i l  p ro p e r t ie s  im p o r ta n t in  r e la t io n  to  water' e ro s io n  a re  
those  p ro p e r t ie s  th a t  a f f e c t  th e  i n f i l t r a t i o n  ra te  and which r e s is t  
d is p e rs io n  d u r in g  r a i n f a l l  and r u n - o f f .  E xcep t f o r  v e ry  sandy s o i l s ,  
detachm ent and t r a n s p o r ta t io n  a re  e s s e n t ia l components o f  s o i l  e ro s io n  
and the  ra te  o f  e ro s io n  i s  in v e rs e ly  p ro p o r t io n a l to  th e  re s is ta n c e  
to  detachm ent and t r a n s p o r ta t io n  o f  s o i l  p a r t i c le s .
S o i l  e r o d i b i l i t y  may be assessed e i t h e r  by a c tu a l measurement 
o f  s o i l - l o s s  under c o n t r o l le d  c o n d it io n s ,  o r  by th e  is o la t io n  o f  c e r ta in  
s o i l  p ro p e r t ie s  as in d ic e s  o f  e r o d i b i l i t y .  The im p o r ta n t s o i l  
p ro p e r t ie s  in v e s t ig a te d  and measured as in d ic e s  o f  e r o d ib i l i t y  a re  
d is p e rs io n  r a t i o ,  c la y  r a t i o ,  a gg re g a te  s t a b i l i t y ,  p o r o s ity  and b u lk  
d e n s ity ,  o rg a n ic  m a tte r  c o n te n t and p a r t i c le  s iz e  d is t r ib u t io n  o f  the  
s o i l .
I t  is  g e n e ra l ly  re co g n ise d  th a t  s o i ls  deve loped under f o r e s t  
possess a h ig h e r  i n f i l t r a t i o n  c a p a c ity  and prom ote downward movement 
o f  r a i n f a l l  in to  th e  s o i l  because o f  l i t t e r ,  humus la y e rs  and th e  
presence o f  o ld  ro o t  c h a n n e ls . F o re s t v e g e ta t io n  m in im ize s  s o i l  
e ro s io n  la r g e ly  by the  e f f e c t  o f  p la n t  crowns and l i t t e r  in  e l im in a t in g  
th e  d e s t r u c t iv e  p h y s ic a l e f f e c t s  o f  ra in d ro p s  im p a c tin g  s o i l .  W ith o u t 
t h is  p r o te c t io n ,  s o i l  a g g re g a te s  a re  broken down and i n f i l t r a t i o n  
ra te s  decrease  r e s u l t in g  in  s u r fa c e  r u n - o f f  and e ro s io n .
T im ber u t i l i z a t i o n ,  c u l t u r a l  t re a tm e n ts , r e fo r e s ta t io n ,  
f i r e ,  th e  c o n s t ru c t io n  o f  access roads and t ra c k s  in  c o n n e c tio n  w ith  
the  p ro te c t io n  and p ro d u c t io n  o f  th e  fo r e s ts  a re  im p o r ta n t aspe c ts
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of forestry practices which affect the soil erosion. Although there 
is no control over the slow processes of geologic erosion, which 
occurs naturally due to the climate, topography, vegetative cover, 
soil and geology of the area, there are remedies for any forest 
management activity that disturbs the natural vegetative cover, the 






Long term studies are very desirable in assessing the 
erodibility of soils but were not practicable in connection with this 
thesis and a diverse area with a long history was selected for 
detailed study. The study area is along a three kilometres section 
of the Bendora gravity main in the Lower Cotter Catchment of the 
Australian Capital Territory. It passes through pine and eucalypt 
forest growing on soils of shale and granite origin. The selected 
area has a range of slopes and parent materials and in part has been 
reforested with pine over a period of time. Within the study there 
are areas that had been eroded and areas where past erosion has been 
modified by revegetation. The location of the study area is shown 
in Fig. 3.1.
Under each forest type soil parameters shown by other 
workers to be indices of erodibility, were measured. The indices 
measured and reviewed in section 2.4, were dispersion ratio, clay 
ratio, aggregate stability, organic matter content, particle size 
distribution, porosity and bulk density. Other soil parameters, 
namely penetration, soil colour, soil reaction (pH), total nitrogen 
and phosphorus, total cations (Ca, Mg, K, Na, Fe, Mn, Zn), soil 
moisture at 3 BAR (field capacity) and 15 BAR (Wilting point) and 
vegetative cover, forest floor litter and soil organisms were also
measured
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FIGURE 3 .1 Location Map of Study Area
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3 .2  THE STUDY AREA
3 .2 .1  Topography
The Bendora g r a v i t y  w a te r main in  th e  Low er C o t te r  Catchment 
passes th ro u g h  d ry  s c le r o p h y l l  f o r e s t  in  h i l l y  t e r r a in  f o r  most o f  
i t s  le n g th  in  th e  r e s e r v o ir  ca tchm en t, and a ls o  th rou g h  th e  P ie rce s  
Creek p in e  p la n ta t io n .
The s lo p e s  in  t h i s  a rea  a re  g e n t le  to  m o d e ra te ly  s te e p .
The t e r r a in  is  g e n t le  to  m o d e ra te ly  u n d u la t in g  in  the  lo w e r reaches 
where the  s tu d y  area was s e le c te d .  A lth o u g h  a l t i t u d e  ranges w ith in  
the  ca tchm ent from  51D nri a t  th e  C o t te r  dam to  1912 m a t  Mt B im b e ri, 
th e  s tu d y  a rea  is  between 610-640 m above sea le v e l .
3 .2 .2  C lim a te
R e g iona l c l im a t ic  re c o rd s  a re  a v a i la b le  in  a su rve y  o f  th e  
c lim a te  o f  Canberra and th e  A u s t ra l ia n  C a p ita l T e r r i t o r y  (Bureau 
o f  M e te ro lo g y , 1966 ). The c lim a te  o f  th e  C o t te r  ca tchm ent i t s e l f  i s  
d e s c r ib e d  by Resource & E nv ironm en t C o n s u lta n t Group (1973) and in c lu d e s  
an is o h y e ta l map.
R a in fa l l  i s  g e n e ra l ly  more r e l ia b le  in  th e  w in te r  and s p r in g  
b u t th e re  is  l i t t l e  m o n th ly  v a r ia t io n .  The r a i n f a l l  f ig u r e s  f o r  
P ie rc e s  Creek F o re s tr y  S e tt le m e n t which i s  about th re e  k ilo m e tre s  
from  the  fa r th e s t  end o f  th e  s tu d y  a re a , show the  mean annua l r a i n f a l l  
7 1 .G cm, th e  average number o f  days o f  r a in  p e r month 6 -12  days, the  
d r ie s t  month F e b ru a ry  (5 .3  cm) and th e  w e t te s t ,  O c tobe r (8 .5  cm ). 
Tem perature f ig u r e s  a re  n o t a v a i la b le  f o r  P ie rc e s  Creek b u t th e  average 
f ig u r e s  f o r  th e  la s t  f i v e  yea rs  b e fo re  sa m p lin g , th a t  is  between 19G7- 1971 ,
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a t  U r ia r r a  F o re s t  th e  n e a re s t  s t a t io n  to  th e  s tu d y  a re a , shows th e  
h ig h e s t  s c re e n  maximum as 3 6 .9 ÜC, th e  lo w e s t  s c re e n  maximum 5 .4 °C  and 
th e  lo w e s t  s c re e n  minimum - 4 . 8  C.
3 .2 .3  G eo logy
The g e o lo g y  o f  th e  C o t te r  v a l l e y  in f lu e n c e s :
( i )  th e  p h y s io g ra p h y  o f  th e  v a l le y ;
( i i )  th e  s o i l  f e r t i l i t y  and g ro w th  o f  in d ig e n o u s  and e x o t ic  p la n ts ;  
and
f i i i )  s o i l  and s lo p e  s t a b i l i t y  and t h e r e fo r e  w a te r  q u a l i t y  
(S te v e n s , 1 9 7 3 ).
T he re  a re  th re e  m ain  ty p e s  o f  g e o lo g ic a l  fo rm a t io n s  in  
th e  lo w e r  C o t te r  c a tc h m e n t ( T h is t l e t h w a i t e , 1 9 7 0 ) : -
• g r a n i t e ,  g r a n o d io r i t e , g r a n i t e  p o rp h y ry ,  ( ig n e o u s  
Upper S i l u r ia n  to  D e v o n ia n );
. p h y l l i t e ,  s a n d s to n e , s la t e ,  c h e r t ,  q u a r t z i t e ,  g reyw acke  
(s e d im e n ts  and m etam orphosed s e d im e n ts , O r d o v ic ia n ) ;
. a c id  t u f f ,  p y ro x e n e , d a c i t e ,  c a lc a re o u s  s h a le  ( v o lc a n ic s  
and m etam orphosed s e d im e n ts , U pper to  M id - S i lu r ia n ) .
The a re a  u n d e r s tu d y  f a l l s  w i t h in  th e  b o u n d a r ie s  o f  Shanmorio 
F la t  G r a n o d io r i te ,  w h ich  i s  p a r t  o f  th e  M u rrum b idgee  b a t h o l i t h  o f  
S i lu r ia n -D e v o n ia n  t im e s  (N oakes , 1 9 5 4 ).
3 .2 .4  S o i ls
P ry o r  (1939 ) re c o rd e d  th re e  m a in  g ro u p s  o f  s o i l s  i n  th e  
C o t te r  ca tch m e n t -
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. re d -y e llo w  p o d z o lic s ,
. red  f o r e s t  loam s, and
• a lp in e  humus
P o d z o lic s  o c c u r a t  e le v a t io n s  below abou t 900 m, red  fo r e s t  
loams on s h e lte re d  a s p e c ts  up to  abou t 120Q m, and a lp in e  humus a t  
h ig h  b a s in s  and g e n t le  s lo p e s  m o s tly  nea r the  c re s t  o f  th e  B r in d a b e lla  
Range. Below abou t 1050 m in  most o f  the  A .C .T .,  norm al (m e d ia l) ,  
m axim al and m in im a l red  and y e llo w  p o d z o lic  s o i ls  a re  found  on g e n t le  
top o g rap h y  which a llo w s  f u l l e s t  e x p re s s io n  o f  the  m ature p r o f i le s  
(P ry o r  and B rew er, 1 954 ). The A t la s  o f  A u s t ra l ia n  S o i ls  (C .S . I .R .O . ,  
1966) shows fo u r  mapping u n i ts  o ccupy ing  v a r io u s  p a r ts  o f  th e  C o t te r  
c a tch m e n t. S tevens (1973) in  d is c u s s in g  th e  s o i ls  o f  th e  C o t te r  
ca tchm ent d e s c r ib e d  th e  fo l lo w in g  -
• th e  g e n e ra l typ e s  o f  s o i l s  p re s e n t in  th e  ca tchm en t;
• the  p la ce s  th e y  most commonly o c c u r;
• th e  e f f e c t  o f  g e o lo g y  and topography  on s o i l  d i s t r ib u t io n ;
. some s o i l - p la n t  in te r a c t io n s ;  and
• some so il-m anagem ent in te r a c t io n s .
3 .2 .5  V e g e ta tio n
W ith in  th e  s tu d y  a re a , th e  n a tu ra l e u c a ly p t s tan d s  a re  
o f  low  q u a l i t y  and dom inated m a in ly  by red  s t r in g y b a rk  (E . m acrorhyncha) , 
b r i t t l e  gum (jE. rn a n n ife ra ) and s c r ib b ly  gum (E . r o s s i i ) a s s o c ia t io n s .  
T ree b o le s  a re  o f  poo r fo rm  and a re  q u ite  u n e v e n ly -s p a c e d , fo rm in g  
a s tu n te d  type  o f  d ry  s c le r o p h y l l  f o r e s t .  The M onterey p in e  
(P irn s  r a d ia ta )  p la n ta t io n s  a re  3 0 -4 0  years  o ld .
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A s p a rs e  c o v e r in g  o f  g ra s s e s , s m a ll  sh ru b s  and g ro u n d  h e rb s  
has d e ve lo p e d  u n d e r e u c a ly p ts .  In  m ost o f  th e  p in e  p lo t s ,  n a tu r a l  
p in e  s e e d lin g s  have d e ve lo p e d  ( P la te  4 .5 ,  4 . 6 ) .  The p ip e l in e  bench 
and a l l  a re a s  where v e g e ta t io n  was d is tu r b e d  d u r in g  c o n s t r u c t io n ,  
have been seeded and f e r t i l i s e d  ( F i t z g e r a ld ,  1972) so t h a t  a t  th e  
t im e  o f  s tu d y ,  th e  g r a v i t y  m ain p ip e l in e  c u t t in g  in  th e  s tu d y  a re a  
was w e l l  co v e re d  w ith  g ra s s e s , c lo v e r s ,  h e rb s  and sh ru b s  ( P la te  4 .1 1 ) •  
N a tu ra l  p in e  s e e d lin g s  a re  e n c ro a c h in g  on th e  p ip e l in e  c u t t in g s  
a lo n g  th e  edge o f  th e  p la n t a t io n  in  some a re a s .
3 .2 .6  H is to r y
In  1926 e x o t ic  p in e  e s ta b l is h m e n t  was i n i t i a t e d  as a 
p r o t e c t iv e  m easure on 1214 h e c ta re s  o f  la n d  n e a r  th e  C o t te r  Dam 
in  th e  Low er C o t te r  C a tch m e n t. T h is  a f f o r e s t a t io n  p rogram  was 
c o m p le te d  by 193Ü, and r e a f f o r e s t a t io n  th e n  commenced. P la n ta t io n  
e s ta b l is h m e n t  in  th e  C o t te r  c a tch m e n t ceased in  1964. The p la n ta t io n  
a re a  (4056 ha) r e p re s e n ts  te n  p e rc e n t o f  th e  C o t te r  ca tch m e n t a re a  
( T h is t l e t h w a i t e , 1 9 7 0 ).
The Bendora  W ate r M a in , w h ich  i s  an u n d e rg ro u n d  137-152 cm 
d ia m e te r  m a in , was c o n s t ru c te d  fro m  th e  B endora  Dam a p p ro x im a te ly  
p a r a l l e l  to  th e  C o t te r  R iv e r  f o r  a b o u t e ig h te e e n  k i lo m e t r e s .  
C o n s t r u c t io n  commenced in  1966 and c o n t in u e d  to  1968. In  th e  d e s ig n  
and c o n s t r u c t io n  o f  t h i s  m ain s p e c ia l  a t t e n t io n  was g iv e n  to  s t a b i l i s a ­
t io n  o f  th e  g ro u n d  s u r fa c e s  and m in im is in g  e ro s io n  b o th  d u r in g  
c o n s t r u c t io n  and t h e r e a f t e r  (D e p t,  o f  W orks, 1 9 6 6 ). H a rvey  (1 972 ) 
has d e s c r ib e d  th e  c o n t r a c t  p r o v is io n s .  The C o n t ra c to r  was a llo w e d
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to  c u t  down t r e e s  and c le a r  b ru s h  f o r  o p e ra t in g  space up to  seven 
m e tre s  u p h i l l  o f  th e  c e n t r e  l i n e  and f i v e  m e tre s  d o w n h i l l ,  a t o t a l  
w id th  o f  tw e lv e  m e tre s .  The p ip e l in e  bench has r e g u la r l y  spaced 
g ra s s e d  c ro s s  d r a in s  and a l l  a re a s  where v e g e ta t io n  was d is tu r b e d  
d u r in g  c o n s t r u c t io n  have been seeded and f e r t i l i s e d .  Abandoned 
b o rro w  p i t s  have been c o n to u re d  and seeded and s te e p  b a t te r s  have 
been s t a b i l i s e d  w ith  e m u ls io n  and seeded . The bench was reseeded  
and f e r t i l i s e d  by a e r i a l  s p ra y in g  d u r in g  two s u c c e s s iv e  y e a rs .
8 .3  SITU SELECTION
The aim  o f  t h i s  s tu d y  was to  a sse ss  th e  e f f e c t s  o f  change 
fro m  one fo rm  o f  la n d  use to  a n o th e r  on s o i l  p r o p e r t ie s  r e la te d  to  
e r o s io n . The B endora  g r a v i t y  m ain passes th ro u g h  P ie rc e s  C reek 
p in e  p la n ta t io n  f o r  a b o u t tw o k i lo m e t r e s  and p re s e n te d  a s i t u a t io n  
in  w h ich  e ro s io n  and la n d  use change fro m  f o r e s t r y  o p e ra t io n s  and 
e n g in e e r in g  c o n s t r u c t io n  c o u ld  be s tu d ie d .  A s e c t io n  o f  th e  g r a v i t y  
m ain  (a b o u t th re e  k i lo m e t r e s  in  le n g th )  where i t  passed th ro u g h  
g r a n i t e  and s h a le  s o i l s  n e a r  th e  P ie rc e s  C reek S e t t le m e n t was 
s e le c te d .  W ith in  t h i s  le n g th  seven s i t e s  were s e le c te d  on th e  
b a s is  o f  d i f f e r e n c e s  in  g e o lo g y , s lo p e  and v e g e ta t io n  (P la te  3 . 1 ) .
PLATE 3 .1 IL o c a t io n  o f  S i te s
[Based on C i v i l  A e r ia l  S u rve y  Photo  No. 8740)
1 -  G ra n ite
2 -  "
3 -  "
4 -  "
5 -  S h a le
6  -  "
7 -  "
E u c a ly p t  -  S h a llo w  S lo p e  -
II -  S teep II _ _
P in e -  S h a llo w II _
II -  S teep II _ _
It -  S h a llo w • 1 _ _
IV -  S teep II _








S ca le :: 1cm = 250 m e tre s
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TABLE 3.1 Descriptions of Sites
No. Soil Vegetation Slope Site Notation
1 Granite Eucalypt shallow <13° > 8° GE2
2 it ii steep > 16° < 210 GE1
3 •1 Pine shallow < 10° > 5° GP2
4 ii ii steep > 23°< 29° GP1
5 Shale ii shallow < 16° >13° SP2
6 II •1 steep >25° <30° SP1
7 ii Eucalypt steep >20° <25° SE1
3.4 SELECTION OF PLOTS
Three plots were located across the gravity main at each 
site, one above the gravity main, one on the revegetated area of the 
gravity main and the other below the gravity main. Downslope plots 
were selected to avoid any trace of destruction by engineering 
works, such as topping with earth from the gravity main. All 
plots were 50 square metres (25 m x 2 m) in size.
Figure 3.2 and 3.3 show the location, size and the pattern 
of sampling of the plots at each site. General descriptions of 
the plots are given in Appendix II.
3.5 NOTATION
The following system of notation was adopted for ease 
and accuracy in field work.
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f l.GURE 3 .2  L o c a t io n  o f  P lo ts
2M



























S u rfa c e  (0 -1 0  cm) s o i l  c o l le c t e d  
f o r  o th e r  s o i l  p r o p e r t ie s  t e s t s .
L i t t e r  & B u lk  D e n s ity  c o re  
c o l le c t e d •
S u r fa c e  (0 -1 0  cm) s o i l  c o l le c te d  
f o r  a g g re g a te  s t a b i l i t y  t e s t .
FIGURE 3 ,3  h ie ld  S am p ling  P a t te rn
3 .5 .1  P lo t s
G d e n o te s  g r a n i t e  o r ig in
s s h a le  o r ig in
E e u c a ly p t  f o r e s t s
P p in e  p la n ta t io n
1 s te e p  s lo p e
2 s h a llo w  s lo p e
A " th e  p o s i t io n  above th e  g r a v i t y  m ain p ip e l in e
a lo n g  th e  s lo p e .
B th e  p o s i t io n  on th e  g r a v i t y  m ain r e v e g e ta t io n
C " th e  p o s i t io n  be low  th e  g r a v i t y  m a in .
3 .5 .2  Sam ples
1 d e n o te s  l i t t e r
f h fe rm e n ta t io n /h u m u s
ss " s u r fa c e  s o i l  sam p les  (0 -1 0  cm) f o r  o th e r  s o i l
p r o p e r t ie s  t e s t s .
s t  " s u r fa c e  s o i l  sam ples (0 -1 0  cm) f o r  s o i l  a g g re g a te
s t a b i l i t y  t e s t .
bd " b u lk  d e n s i t y  s a m p le s .
1 ,2 ,3 ,4 ,5 No. o f  sa m p le s , s t a r t i n g  fro m  dow ns lope  to  u p s lo p e .
Exam ple GEIAss^ d e n o te s  s u r fa c e  s o i l  sam ple No. 1, c o l le c te d  f o r
o th e r  s o i l  p r o p e r t ie s  t e s t s ,  fro m  th e  p lo t  above th e  g r a v i t y
m a in , u n d e r e u c a ly p t  f o r e s t ,  s te e p  s lo p e  on g r a n i t e  o r i g i n
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3.6 SAMPLING
A systematic sampling pattern (Fig. 3.3) was used for each
plot.
3.6.1 Vegetation
Ihe Point Height Intercepts method was used in determining 
cover density. Two '30* metres tapes were laid out two metres 
apart and parallel to each other along the longer boundaries of the 
plot. The following information was recorded vertically below and 
above each half metre point. Whether bare rock, bare soil, leaf 
litter, bark litter, branches, grass or other matter were present 
directly below the tape, and whether there was clear sky or canopy 
cover vertically above the same mark. The one hundred points 
(2 x 25 x 2) were used to calculate the percentage cover density 
for the canopy and the ground for each plot.
3.6.2 Forest Litter
Four samples (Fig. 3.3) of litter from the forest-floor 
were collected in each plot. A square steel frame with an area
of 1/16 m (25 cm x 25 cm) was pressed into the litter, and a sharp 
knife used to cut the litter around the perimeter of the frame.
All the litter within the frame was removed down to the mineral 
soil, placed in a labelled plastic bag and returned to the laboratory.
3.6.3 Mineral Soil
Four samples for bulk density, five samples for other soil 
properties tests, and five samples for the soil aggregate stability 
test, were collected in each plot.
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The collection of bulk density samples in the field was 
done using a steel bulk density corer (10 cm x 10 cm x 15 cm).
The corer was driven into the ground with minimum disturbance using 
a hammer and wooden block where the forest litter had been collected.
At every G plot (i.e. on the gravity main revegetated area) the 
corer was driven down only 7.5 cm. The corer was dug from the ground 
using a trowel, and surplus soil trimmed from the ends of the core 
by means of a sharp knife. The soil cores were extruded into labelled 
thick brown paper bags, and transported to the laboratory.
Surface (Q-1Q cm) soil samples for the soil property test 
were collected at each plot position by using the soil corer. The 
composite sample was placed in a labelled thick brown paper bag and 
taken immediately to the laboratory.
Surface (0-10 cm) soil samples for the soil aggregate 
stability test were collected at each plot position by using the same 
corer. The composite sample was placed in a separate labelled 
thick brown paper bag and taken immediately to the laboratory.
3.6.4 Penetration
A * Pocket Penetrometer* was used for a penetration test 
at each plot. By walking diagonally along the plot, twenty replicates 





. A s p e c t was m easured to  th e  n e a re s t  de g re e  by ta k in g  a 
b e a r in g  w i th  a p r is m a t ic  compass;
. S lo p e  s te e p n e s s  was m easured by u s in g  an Abney le v e l ;
. S lo p e  shape was assessed  as co n ca ve , l i n e a r  o r  c o n v e x .
3 .7  ANALYTICAL PROCEDURE 
3 .7 .1  B u lk  D e n s ity
F o r  th e  d e f i n i t i o n  o f  b u lk  d e n s i t y  and o th e r  s o i l  v o c a b u la ry  
r e f e r  A p p e n d ix  I .
A t  a l l  'A '  and *C* p lo t s  th e  b u lk  d e n s i t y  c o re s  were 
1500 cc (10  cm x  10 cm x 15 cm) w h i le  a t  a l l  *B ' p lo t s ,  t h a t  i s  th o s e  
on th e  g r a v i t y  m ain  re v e g e ta te d  a re a , th e  c o re s  were 750 cc (10 cm x  
10 cm x 7 .5  c m ). The s o i l  b u lk  c o re s  were w e ighed im m e d ia te ly  
a f t e r  r e t u r n  fro m  th e  f i e l d ,  o v e n -d r ie d  a t  105°C f o r  24 h o u rs  and 
th e  o v e n -d ry  w e ig h t  d e te rm in e d .  The f ie ld - m o is t u r e  c o n te n t  was 
c a lc u la te d  and th e  b u lk  d e n s i t y  e xp re sse d  in  gram s p e r  c u b ic  
c e n t im e te r  o f  s o i l .  The v a lu e s  f o r  th e  f o u r  c o re s  e x t r a c te d  a t  
each p lo t  w ere used to  d e te rm in e  th e  mean v a lu e .
3 .7 .2  T o ta l  P o r o s i t y  and N o n - C a p i l la r y  P o r o s i ty
T o ta l  P o r o s i t y  (°/o) was c a lc u la te d  by th e  fo rm u la ,
[B D x 100)
P DT o ta l  P o r o s i t y  (%) = 100 -
where B D = B u lk  D e n s ity  -  g /c c
P D = P a r t i c l e  D e n s ity  -  g / c c .
The p a r t i c l e  d e n s i t y  ( th e  d e n s i t y  o f  th e  s o i l  p a r t i c le s
c o l l e c t i v e l y ,  e x p re s s e d  as th e  r a t i o  o f  th e  t o t a l  m a s s 'o f  s o l i d
particles to their volume in g/cc) was determined in the laboratory 
for each soil bulk sample and the respective total porosity was 
calculated with the corresponding bulk density.
G6
The coarse particles vary due to stone content
from site to site; the particles greater than 2 mm in diameter were 
therefore removed from each of the bulk density samples by sieving. 
Bulk density of the soil alone was then calculated by subtracting 
the known weight and calculated volume of coarse particles from the 
weight and volume of the original sample. Capillary porosity was 
then calculated.
Non-Capillary porosity is calculated by subracting capillary porosity 
from total porosity.
3.7.3 Coarse Particles
Air-dried soil samples were sieved on a 2 mm mesh sieve 
to separate the coarse particles from the fine earth. The percentage 
of soil material over 2 mm (coarse particle) was calculated by weighing 
after organic matter such as roots and charcoal had been removed.
The coarse particle was discarded after weighing, while fine earth 
was kept for determination of other soil properties.
3.7.4 Soil Colour
The Munsell (U.S.D.A. Misc. Pub. 425) book of soil colour 
chips was used to determine the colour of air-dried 'fine earth' 
of each sample. The mean value of each plot was used for comparison
Capillary Porosity (%) = Wt. of water held in soil at field capacity__________




by applying the Munsell notations.
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3.7.5 Dry Matter and Loss-On-Ignition
On the fine earth, Dry Matter (DM) was determined on small 
(app. 6 gms) samples in porcelain crucibles dried overnight at 105°C. 
This sample was then brought to the muffle furnace maintained at 
550°C and ignited for two hours to determine Loss-On-Ignition as 
percent (LOI°/o).
3.7.6 Mechanical Analysis
On fine earth, a modification of the plummet balance 
[Marshall, 1955) method was used in the mechanical analysis. The 
detailed procedure is described in Appendix III.
3.7.7 Olay Ratio
The results of particle distribution of sand, silt and clay,
obtained by mechanical analysis, were used to calculate clay ratio;
the ratio of sand plus silt to the clay, that is:
sand + siltClay Ratio clay
3.7.0 Dispersion and Dispersion Ratio
Twenty-five grams of air-dried soil previously sieved to 
less than 2 mm particles was placed into a 1250 ml sedimentation 
cylinder and sufficient distilled water was added to make the volume 
up to 1250 ml. The cylinder was closed with a rubber stopper and 
shaken end over end 20 times. The suspension was allowed to settle 
as in mechanical analysis and 25 ml of the sample at a depth of 
25 cm was pipetted and the dispersed silt and clay was determined by 
using a conical flask.
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The Dispersion Ratio, 
clay to the total silt plus clay 
calculated, that is -
Dispersion Ratio (°/o) =
the ratio of dispersed silt plus 
(from mechanical analysis) was then
Dispersed Silt plus clay .
Total silt plus clay
3.7.9 Aggregate Stability
To determine the aggregate stability of soil samples, a 
procedure was adopted from a method used to determine the effect of 
microbiological and organic matter treatments on the resistance of 
soil structure groups or clods to the action of raindrops (McCalla, 
1944). A soil lump weighing 0.3 gms was placed on a 1 mm screen and 
hit by drops of distilled water 4.8 mm in diameter and falling 25 cm 
from a constant-head burette. A rate of one drop per 2.6 seconds 
was used; temperature of the distilled water was (21-25)°C. The 
soil lump or aggregate was considered as destroyed when it was 
broken down and washed through the screen. The number of drops 
required to start breaking the lump and the total number of drops 
to destroy it were recorded. Five replicates were run on each soil 
sample and the mean value of the number of drops required was 
calculated on the basis of an 0.1 gm sample, that is the measured 
number of drops was divided by three (after McCalla, 1944).
3.7.10 Soil Reaction (pH)
On fine earth, soil/distilled water suspensions (1:2.5) 
were hand-stirred intermittently over four hours, and three pH 
readings taken, using a Radio-meter pH meter 22 equipped with glass- 
calomel electrodes. Mean pH was calculated to the nearest 0.1 unit.
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3.7.11 Nitrogen and Phosphorus
Soil nitrogen and phosphorus levels were assessed with a 
Technicon Auto Analyser. Approximately 0.5 gm of an oven-dried 
(85°C) sample was placed in a 150 ml conical flask and 6 ml of 
digestion mixture (1 gm of selenium powder and 2ÜQ gms of potassium 
sulphate in one litre of concentric sulphuric acid) added. The 
solutions were digested until clear, cooled and filtered into 100 ml 
volumetric flasks, and made up to the mark with distilled water.
The solutions were then analysed on a Technicon Auto Analyser using 
alkaline phenate and sodium hypochlorite with a 625 millimicron 
colorimeter filter for nitrogen, ammonium molybdate and ascorbic 
acid with a 660 millimicron colorimeter filter for phosphorus.
3.7.12 Total Analysis for K, Na, Cat Mg, Fe, Mn and Zn
Total analyses for K, Na, Ca, Mg, Fe, Mn and Zn were 
determined by flame photometry: The solutions were made as in the
case of nitrogen and phosphorus except that 5 ml of digestion 
mixture (7:1 - 60°/o perchloric and concentrated sulphuric acid) were 
used with 15 ml of concentrated nitric acid for digestion. The 
solution obtained was then diluted with distilled water as 
follows:- Potassium - 1QÜ0 times; Sodium - 100 times; Calcium - 500 
times; Magnesium - 500 times; Iron - 5000 times; Manganese - 100 times 
and Zinc -100 times. Cations levels were then assessed separately 
by using a V/arian Techtron AA5 model Atomic Absorption Spectrophotometer 
and were computed with the Tanton-Spain computer programme 'Peanut II'.
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3 .7 .1 3  S o i l  M o is tu re  D e te rm in a tio n
S o i l  m o is tu re  was de te rm ined  a t  g- BAR* ( F ie ld  C a p a c ity )  
and 15 BAR ( W il t in g  P o in t )  f o r  each sam ples.
3 .7 .1 3 .1  S o i l  M o is tu re  a t  g BAR
S o i l  m o is tu re  a t  g BAR was de te rm ined  by u s in g  a 1 BAR 
p re ssu re  p la te  e x t r a c to r .  S o i l  sample r e ta in in g  r in g s  were p laced  
on the  ce ram ic  p la te  c e l l  w h ich  accommodated 12 samples in  th e  r in g .  
Samples were le v e l le d  in  th e  r in g ,  covered w ith  waxed paper and 
a llo w e d  to  s tan d  16 hours  w ith  an excess o f  w a te r on th e  p la te .
When th e  sam ples were s a tu ra te d ,  excess w a te r was removed from  th e  
ce ram ic  p la te s  w ith  a p ip e t t e .  The c e l ls  were mounted in  th e  e x t r a c to r  
and p re s s u re  in  i t  b u i l t  up to  g BAR u s in g  h ig h -p re s s u re  n it ro g e n  
passed th ro u g h  a r e g u la to r .  M o is tu re  was a llo w e d  to  f lo w  from  th e  
o u t f lo w  tub e s  f o r  48 h o u rs . The samples were then  w e ighed, d r ie d  
o v e rn ig h t  in  an oven a t  105°C and rew e ighed . M o is tu re  c o n te n t a t  
g BAR was then  de te rm ined  as p e rc e n t o f  d ry -w e ig h t.
S o i l  M o is tu re  C o n ten t (°/o) = 2 3 x 1 0 0
w3 -  I»,
where WW1 - wt. o f m o is tu re box
W2 = wt. o f m o is tu re box + wet s o i l
w3 - wt. o f m o is tu re box + oven d ry  s o i l .
*  The "BAR" is  a s ta n d a rd  u n i t  f o r  the  e x p re s s io n  o f  s o i l  s u c t io n
and is  a u n i t  o f  p re s s u re  equa l to  10 dyne/cm . T h is  i s  e q u iv a le n t  
to  0 .987  atm osphere o r  1 4 .5  PS I.
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2 .7 .1 3 .2  S o i l  M o is tu re  a t  15 BAR
S o i l  m o is tu re  a t  15 BAR was de te rm ined  by u s in g  a 100 BAR 
p re ssu re  membrane e x t r a c to r .  C o n tro lle d  p re ssu re  was p ro v id e d  
by a h ig h  p re ssu re  r e g u la to r  connected  d i r e c t l y  to  a ta n k  o f  h ig h -  
p re s s u re  n it r o g e n .  The c e l lu lo s e  membrane was s a tu ra te d  by soak ing  
i t  in  d i s t i l l e d  w a te r f o r  24 hou rs  and then  p laced  on a screen  d ra in  
p la te .  The sam ples, in  th ic k  p la s t i c  s o i l  sample r e ta in in g  r in g s ,  
were p la ce d  on the  c e l lu lo s e  membrane and s a tu ra te d  w ith  d i s t i l l e d  
w a te r .  When s a tu ra te d ,  th e  e x t r a c to r  was c lo s e d , 15 BAR (220 lb s / in  ) 
p re s s u re  a p p lie d  and th e  samples a llo w e d  to  d ra in  f o r  46 h o u rs . The 
samples were then  w e ighed, d r ie d  o v e rn ig h t  in  an oven a t  105°C 
and re -w e ig h e d . M o is tu re  c o n te n t a t  15 BAR was then  c a lc u la te d  
as in  3 .7 .1 3 .1  .
3 .7 .1 4  T o ta l W eight o f  L i t t e r  and S o i l  Organism s
The samples o b ta in e d  as in  3 .6 ,2  were t ra n s p o r te d  to  the  
la b o ra to ry ,  weighed and s to re d  a t  3°C.
L i t t e r  in v e r te b ra te s  were e x tra c te d  by Mr H.M.G. Thomas, 
F o re s try  D epartm en t, A .N .U ., by u s in g  m o d if ie d  T u llg re n  fu n n e ls .
The l i t t e r  was p la ced  in  s ie v e s  heated by overhead in ca nd e scen t l ig h t in g  
w h ich  to o k  th e  te m p e ra tu re  in  th e  s ie v e s  s lo w ly  up to  45 C o v e r a 
p e r io d  o f  5 days . The in v e r te b ra te s  passed th ro u g h  th e  s ie v e s  w ith  
a lo w e r chamber co o le d  by f lo w in g  w a te r and f e l l  in to  t ra y s  c o n ta in in g  
p ic r i c  a c id  s o lu t io n  w h ich  k i l l e d  and p rese rved  them. The in v e r te b ra te s  
were then  f i l t e r e d  o f f  and coun ted  under a low  power m ic rosco p e .
The e x tra c te d  l i t t e r  sam ples were then se pa ra ted  in to  t h e i r  component 
p a r ts ,  o v e n -d r ie d  a t  85°C , and w e ighed.
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3 ,8  ANALYSIS OF DATA
For a n a ly s is  o f  da ta  o f  each s i t e ,  d a ta  from  A and C 
were poo led to g e th e r  and d a ta  from  *B* p lo ts  were a ls o  p o o le d , a f t e r  
a p re l im in a ry  t e s t  o f  a l l  the  param ete rs  by u s in g  a 'BASTATS' 
com puter programme f o r  each p lo t .  The f i n a l  n o ta t io n  o f  g roups 
f o r  s t a t i s t i c a l  a n a ly s is  were th u s  as f o l lo w s : -
GE1A + GE1C s GE1
GE2A GE2C ss GE2
GE1B + GE2B ss GE3
GP1A + GP1C = GP4
GP2A + GP2C 9 GP5
GP1B + GP2B ss GP6
SE1A + SE1C ss SEI
SE1B ss SE3
SP1A + SP1C ss SP4
SP2A + SP2C = SP5
SP1B + SP2B ss SP6
The b a s ic  s t a t i s t i c s ,  mean, v a r ia n c e , s ta n d a rd  d e v ia t io n ,  c o e f f .  o f  
v a r ia n c e , G1 , G2, K-S DMax, S tandard  e r r o r  and 95% c o n fid e n c e  l im i t s  
f o r  e ve ry  s o i l  param ete r f o r  each group were computed u s in g  a 
’ BASTATS' com puter programme. S ig n i f ic a n t  d if fe re n c e s  between each 




4 .1  VEGETATIVE AND SOIL COVER
N a tu ra l e u c a ly p t s tands  a t  the  e u c a ly p t p lo ts  on bo th  s h a le  
and g r a n ite  s o i l s  a re  o f  low  q u a l i t y  and v a r ie d  sp e c ie s  c o m p o s itio n  
b u t dom inated m a in ly  by red  s t r in g y b a rk  (E . m acro rhyncha) and s c r ib b ly  
gum (E . r o s s i l )■ Tree b o le s  a re  o f  poo r form  and a re  u n e v e n ly - 
spaced, fo rm in g  a s tu n te d  typ e  o f  d ry  s c le r o p h y l l  f o r e s t  (P la te s  4 ,1  
and 4 ,2 ) ,  The crowns a re  m o s tly  f r e e  from  each o th e r  because o f  
uneven and sparse  sp ac ing  o f  th e  t re e s  (P la te  4 ,3 ) ,  Much o f  th e  
s o i l  i s  w e ll-c o v e re d  w ith  f o r e s t  l i t t e r ,  and o n ly  a sparse  c o v e r in g  
o f  g rasses  and sh ru bs  has d eve lo p ed .
The p in e  p lo ts  a re  in  m ature (40 y rs )  P inus ra d ia ta  (P la te s  
4 ,5  and 4 ,6 )  f o r e s t .  The p in e  crowns a re  a ls o  m o s tly  f r e e  from  
each o th e r  (P la te  4 ,4 )  because o f  th in n in g  c a r r ie d  o u t in  1969 and 
1971, The c o v e r o f  th e  f o r e s t - f l o o r  beneath the  p in e s  i s  c o n tin u o u s , 
f i r m ly  m atted and appears more s ta b le  than  undernea th  the  e u c a ly p ts .  
Between tre e s  and where th e  l i t t e r  c a rp e t i s  th in n e r  n a tu ra l re g e n e ra tio n  
i s  b e g in n in g  to  deve lo p  a d e f in i t e  s tra tu m  (P la te  4 ,5 ) ,
Where th e  p ip e l in e  passes th ro u g h  the  p in e  p la n ta t io n  a re a , 
th e re  is  a w e ll deve loped  c o n tin u o u s  ground co ve r o f  g rasses and c lo v e rs  
(P la te  4 ,7  and 4 ,8 ) ,  th e  r e s u l t  o f  f e r t i l i s e r  and seed ing  programmes 
c a r r ie d  o u t a f t e r  th e  p ip e l in e  was c o n s tru c te d .  On th e  o th e r  hand, 
in  th e  e u c a ly p t a rea  o n ly  a spa rse  ground co ve r has deve loped a f t e r
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PLATE 4 .1  S tu n te d  S c le r o p h y l l  F o re s t  a t  P lo t  SE 1A
PLATE 4 .2  S tu n te d  S c le r o p h y l l  F o re s t  a t  P lo t  GE 2A
Note -  The am ount o f  l e a f  l i t t e r  compared w ith  
SE 1A a b o ve .
D iv is io n s  on th e  s ta k e  a re  5 cm.
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PLATE 4 .4 P ine  Crown Cower a t  P lo t  GP 1A
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PLATE 4.5 Mature Pinus radiata at Plot GP 1A
Well Developed Ground Cover at Plot GP 2BPLATE 4.8
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the fertilizer and seeding treatments, especially on SE1B (Plate 4.9), 
There are no bare areas along the revegetated bench of the pipeline 
(Plates 4.11 and 4.12), except where crossed by roads. There are 
very few native species established on the pipeline bench in the 
plantation, except at its junction with the eucalypt forest where 
there is a variable cover of native pioneer species (Plate 4.10).
Table 4.1 shows the canopy and ground cover density for
each plot.
In the study area, the average canopy cover on soils of 
granite origin is 7G% under eucalypts, 55°/o under pine and 5°/o on 
the gravity main; on soils of shale origin the canopy cover density 
is 55°/o under eucalypts, 48% under pine and 7% on the gravity main.
The average ground vegetative cover on soils of granite origin is 
92°/o under eucalypts, 95°/0 under pine and 80% on the gravity main 
revegetated area. On soils of shale origin it is 61% under eucalypt,
81% under pine and 66% on the gravity main revegetation. Generally 
the most significant ground vegetative cover is grass and clover on 
the gravity main and leaf cover under eucalypt and pine on soils of 
both types of origin, except at plots GP2B, SP1B and SP2B where 
pine needles from nearby pine trees are the dominant vegetative cover.
By intercepting the rainfall, a vegetative cover protects 
the soil surface from structural deterioration by the direct impact 
of rainfall drops, and higher infiltration capacities result in 
soils developed under the protection produced by native and pine forests.
Thus in the presence of adequate cover both the detaching 
and transporting power of rainfall is minimised. The importance of
Native Pioneer Species Along the Gravity
i J _  r ~ i _  i ^ _
PLOT 4.10
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PLATE 4 .11  P ip e l in e  Bench R e ve g e ta tio n  D u ring  W in te r  
a t  S i te  SP 1B
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cover has been confirmed by many workers (Meeuwig, McClurkin,
Molchanov, Leyton, Tadmor and Shanan - op.cit. in 2.6,1). According 
to Smith and Wischmeier (op, cit, p, 10 ) "The greatest deterrent to 
soil erosion is cover". Packer (op. cit. p. 38) prescribed ground 
cover density of at least 70% to maintain soil stability.
In the study area the average cover density on soils of granite 
origin Is well over 70% (Eucalypt 92%, Pine 95%, Gravity Main 80%) f 
and on soils of shale origin is over 7C% under pine (01%) and close 
to 70% under eucalypt (61%) and on the gravity main revegetation (66%).
It can be expected therefore that both granite and shale soils under 
eucalypt and pine and the gravity main revegetation maintain their 
soil stability.
In terms of percentage vegetative ground cover (Table 4.1) 
the pine forest is the best in all cases, i.e., on both granite 
and shale soils. On granite soils the ranking on the basis of the
average percentage of vegetation ground cover derived from Table 4.1 
is pine, eucalypt, gravity main and on shale soils pine—gravity-eucalypt•
In comparing soil origin, granite soil produced a greater 
vegetative ground cover than soil of shale origin and the granite 
soils are likely to receive the greater protection from soil erosion 
by vegetative ground cover.
4.2 FOREST LITTER AND SOIL ORGANISMS
Forest litter accumulation is well developed under eucalypt 
and pine forests within the study area, while the green vegetative 
cover on pipeline revegetated plots is similarly well developed for
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p ro te c t io n  from  ra in d ro p  im p a c t (P la te  4 .1 3 ) .  A summary o f  th e  mean 
v a lu e s  o f  oven d ry  w e ig h t o f  l i t t e r  components f o r  a l l  s i t e s  is  
shown in  T ab le  4 .2 .
TABLE 4 .2  Mean V a lues o f  L i t t e r  f o r  A l l  S ite s
S i t e s /
/ L i t t e r
Oven D ry W t. o f  L i t t e r Kg/rn^
L ea f Bark T o ta l
L i t t e r L i t t e r Humus Mean S tandard  E r ro r
GE1 0 .35 0 .6 6 1.05 2 .0 6 0 .34
GE2 0 .28 0 .8 0 0 .7 9 1.87 0 .18
GP4 0 .1 3 0 .8 8 1.23 2 .2 4 0 .5 0
GP5 0 .15 0 .15 0 .64 0 .9 4 0 .15
SE1 0 .25 0 .6 6 0 .84 1.76 0 .3 0
SP4 0 .1 6 0 .4 7 0 .9 2 1.55 0 .3 7
SP5 0.11 0 .7 3 0 .7 7 1.61 0 .45
Mean va lu e  o f  8 samples p e r s i t e
A summary o f  re p o r te d  v a lu e s  f o r  th e  a c c u m u la tio n  o f  l i t t e r  
under d i f f e r e n t  f o r e s t  typ e s  i s  shown in  T ab le  4 .3 .
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a -  U nder 
E u c a ly p t  
F o re s t  
SE 1C
-  Under P in e  
P la n ta t io n  
SP 2C
Green
V e g e ta t io n  
on G r a v i t y  
M ain
P ip e l in e  
GP 1B
PLATE 4 .1 3 W e ll D eve loped  F o re s t  L i t t e r  A c c u m u la t io n
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TABLE 4.3 Accumulation of Litter Under Different Forest Types
Vegetation & Species Site
Oven Dry Wt, 




Pinus radiata (18 yr) Kowen 1.52 Hamilton, 1964
If (19 yr) II 1.47 i i
II (28 yr) Pierces Ck. 1 .69 IV
It (29 yr) II 2.29 II
II (23 yr) Brindabella 2.45 VI
II (30 yr) II 2.02 VI
IV (39 yr) Kowen 3.50 Bridges, 1968
M (12 yr) Tumut 1 .70 Ovington, 1970
ii (14 yr) Uriarra 0.98 Thistlethwaite, 1970
II (18 yr) i i 2.18 i i
i i (28 yr) i i 0.63 i i










II (40 yr) " SQ II 2.44 i i
II (40 yr) " SQ V 2.25 i i
Pinus taeda (32 yr) Madison County, 
Tennessee
3.18 McClurkin, 1967
Pinus echinata(32 yr) it 2.57 i i
Pinus palustris (32yr) " 2.31 IV
Pinus elliottiif32 yr) i i 2.14 IV
Indigenous 
Dry sclerophyll Kowen 2.44 Hamilton, 1964
VI II 2.74 IV
II Pierces Ck, 2.12 i i
II t i 2.75 IV
i i Brindabella 2.23 IV
Wet sclerophyll ti 2.46 VI
Dry sclerophyll Kowen 1.30 Bridges, 1968




Within the study area, the total oven dry weight of forest 
litter accumulated is not significantly different (Table 4.4) 
between sites except for GP5 where litter accumulation is less 
(Table 4.2 ) compared to the other sites.
TABLE! 4,4 Summary of Significant Differences Between Total 














GE 1 NS NS NS NS NS -
GE 2 NS NS NS NS -
GP 4 NS NS NS * -
GP 5 NS NS * -
SE 1 NS NS -
SP 4 NS -
SP 5 -
NS - Not significant at p = 1.05
* - Significant at p * 1.05
_ " at p = 1.01
df - degree of freedom in all cases is 14.
Total oven dry weight of litter under eucalypt ranged from 
1.75 to 2.06 kg/rn‘ ", and from 0.94 to 2.24 kg/rri^ (Table 4.2 ) under 
pine plantations within the study area.
The litter and humus layers of forests provide extra 
protection from the direct impact of raindrops, apart from improving 
the soil infiltration capacity. Lowdermilk (op. cit. p. 3 3 )
B7
concluded from a study of the influence of litter on runoff, percolation 
and erosion that the ability of litter to store water was not as 
hydrologically important as its dual role in maintaining a permeable 
soil structure and in acting as a filter for turbid runoff. Other 
beneficial effects of litter are - reduction of evaporation from 
the soil surface, reduction of runoff velocity and reduction of 
erosive capacity of surface runoff (Kittredge, 1948;
Molchanov, op. cit. p. 39). Gilmour (op. cit. p. 15) stated that 
the amount of ground cover was more important than the type of cover 
in controlling surface runoff on similar soils to this study. Soil 
loss was negligible from plots with more than 0.72 Kg/m of ground 
cover, but a marked increase in soil loss resulted from cover reduction 
below this value. Thus according to Gilmour’s observation, the 
sites under eucalypt and pine on soils of shale & granite origin 
accumulated more than enough biomass of forest litter to control 
surface runoff and soil loss.
A summary of the mean values of total soil invertebrates 
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1 he total number of invertebrates found in forest litter 
is significantly correlated (p = 0.05) to the oven dry weight of 
the litter (Table 4.6) in all cases. It is also significantly 
correlated to the oven dry weight of humus, except under eucalypt 
forest on granite soil.
TABLE 4.6 Summary of the Coefficient Correlation Between 
Total Population of Invertebrates and Litter 
Components
Geology & Vegetation df
Coefficient Correlation "r" Between 
Total Population Numbers of Inverte­
brates and Oven Dry Weight of Litter 
Components
Leaf Bark Humus Total
Granite - Eucalypt 14 Q .4820 NS 0.2965 NS 0.0727 NS 0,5308*
" - Pine 14 0.3039 NS 0.4795 NS 0.5371 * 0.5230*
Shale - Eucalypt 6 0.0198 NS 0.5184 NS 0.8584 * 0.7870*
" - Pine 14 0.3451 NS 0.2183 NS 0.7747«-** 0.5477*
NS - Not significant in correlation at 0.05 level
* -  Significantly correlated at D.Q5 level
*** - Significantly correlated at Q.001 level
df - degree of freedom
Bennett (op. cit. p. 1Q ) stated that the activities of 
soil rni.cro-organisms upon organic matter tend to develop a desirable 
crumb or granular structure that offers marked resistance to 
erosion and favours easy penetration by plant roots and rain water. 
Millar ert. Ed., (i965) also stated that other groups of animals 
inhabiting the sail such as rodents, ants, snails, spiders, mites,
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m il l ip e d e s ,  c e n t ip e d e s  and v a r io u s  o th e r  worms and in s e c ts ,  have 
d i r e c t  e f f e c t s  on th e  s o i l  by t h e i r  a c t i v i t i e s ,  w h ich  im prove  
s o i l  a e r a t io n  and d ra in a g e .
The s tu d y  in d ic a te d  t h a t  th e re  w ere  s i g n i f i c a n t  
p a p u la t io n s  o f  s o i l  in v e r te b r a te s  a t  each s i t e  and w h i le  th e re  may 
be o th e r  b io lo g ic a l  im p l ic a t io n s  th e y  w ou ld  c o n t r ib u te  to  th e  
d e ve lo p m e n t o f  a s o i l  s t r u c t u r e  t h a t  re d u c e s  th e  r i s k  o f  e r o s io n .
4 . 3 SOIL PROPERTIES 
4 .3 .1  C o lo u r
The s u r fa c e  s o i l  c o lo u r s  w ere  s im i la r  u n d e r p in e  and 
e u c a ly p t  f o r  s o i l s  o f  b o th  s h a le  and g r a n i t e  o r i g i n .  They were 
fou n d  to  f a l l  w i t h in  th e  ra n g e  o f  c o lo u r  c h ip s  on th e  M u n s e ll s o i l  
c o lo u r  c h a r t  "HOE 10 YR" f o r  a l l  p lo t s  e x c e p t SE1A, w h ic h  i s  
"HOE 7 .5  Y R ". W ith in  each p lo t  5 c o m p o s ite  sam ples ( a i r  d r y )  
w ere ta k e n : The c a lc u la te d  a ve ra g e  "VALUE" and "CHROMA" v a lu e s
a re  shown in  T a b le  4 . 7 .
The "VALUE" u n d e r p in e  ra n g e d  fro m  4 to  6 on g r a n i t e  and 
was 6 on s h a le  s o i l ;  u n d e r e u c a ly p t  i t  ra n g e d  between 5 and 6 on 
g r a n i t e  and 4 t o  6 on s o i l  o f  s h a le  o r i g i n ,  w hereas an th e  p ip e l in e  
r e v e g e ta t io n ,  th e  "VALUE" e q u a lle d  7 e x c e p t SE1B w h ich  was 6 .
The "CHROMA" ra nged  between 2 & 3 u n d e r p in e ,  2 & 4 u n d e r e u c a ly p ts  
and 3 -4  on p ip e l in e  r e v e g e ta t io n ,  on s o i l s  o f  b o th  g r a n i t e  and s h a le
o r i g i n .
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TABLE 4 .7  Summary o f  S u r fa c e  S o i l  C o lo u r
N o. P lo ts
C o lo u r
Name M u n s e ll
N o ta t io n
1 GE 1A L ig h t  b ro w n is h  g ra y 10 YR 6 /2
2 GE 1 B V e ry  p a le  brown 10 YR 7 /3
3 GE 1C L ig h t  y e l lo w is h  brown 10 YR 6 /4
4 GE 2A P a le  brown 10 YR 6 /3
5 GE 2B V e ry  p a le  brown 10 YR 7 /3
6 GE 2C G ra y is h  brown 10 YR 5 /2
7 GP 1A D a rk  g r a y is h  brown 10 YR 4 /2
8 GP 1 B V e ry  p a le  brown 10 YR 7 /4
9 GP 1C G ra y is h  brown 10 YR 5 /2
10 GP 2A L ig h t  b ro w n is h  g ra y 10 YR 6 /2
11 GP 2B V e ry  p a le  brown 10 YR 7 /4
12 GP 2C L ig h t  b ro w n is h  g ra y 10 YR 6 /2
13 SE 1A D ark  brown 7 .5  YR 4 /3
14 SE 1B P a le  brown 10 YR 6 /3
15 SE 1C L ig h t  y e l lo w is h  brown 10 YR 6 /4
16 SP 1A P a le  brown 10 YR 6 /3
17 SP 1 B V e ry  p a le  brown 10 YR 7 /3
18 SP 1C L ig h t  b ro w n is h  g ra y 10 YR 6 /2
19 SP 2A P a le  brown 10 YR 6 /3
20 SP 2B V e ry  p a le  brown 10 YR 7 /4




















Nos. o f  sam p les on g r a n i t e  
s o i l  w ith  th e  u n i t  range  
o f  croma and v a lu e .
E u c a l  y p t
s o i l  w ith  th e  u n i t  ra n g e  
o f  croma and v a lu e .
B oundary f o r  g r a n i t e  s o i l
— Boundar y  f o r  s h a le  s o i l
G r a v i t y  M a i n  R e v e g e t a t i o n
FIGURE 4 .1 D ia g ra m m a tic  R e p re s e n ta t io n  o f  S u r fa c e  S o i l  
C o lo u r
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The resulting 100 colour values (i.e. 5 in each of 20 
plots), are plotted in Figure 4.1 to show the marked separation of 
eucalypt, pine and gravity main revegetation. The black and brown 
colour of the soil is mainly due to the presence of organic 
matter which in turn favours soil structure. In this study, 
the soils under pine and eucalypt were within the same range but 
both showed marked differences from the colour of the soil on 
gravity main revegetation which indicated a lower content of organic 
matter which would in turn affect the structural stability of the 
soil.
4.3.2 Penetration
The penetration values at the different sites are given 
in Table 4.Q. Each value is the mean of 40 observations/site 
except for SE3 where only 20 observations were made.
TABLE 4.0 Mean Value of Penetration
Site Penetration Kg/cm^Mean S.E.
GE 1 0.47 0.12
GE 2 0.29 0.03
GE 3 2.73 0.31
GP 4 0.60 0.11
GP 5 G .46 0.10
GP 6 3.20 0.18
SE 1 1 .08 0.12
SE 3 4.20 0.25
SP 4 1 .14 0.18
SP 5 1 .09 0.17
SP 6 4.78 0.10
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A summary o f  s i g n i f i c a n t  d i f f e r e n c e s  in  p e n e t r a t io n  betw een 
s i t e s  i s  shown in  T a b le  4 . 9 .
TABLE 4 .9  Summary o f  S ig n i f i c a n t  D i f fe r e n c e  in  P e n e tra t io n  
Between S i te s  ( S tu d e n t 's  " t "  t e s t )






















GE 1 * * * # * * * * * * * * * * * NS NS * * * NS -
GE 2 * * * * * * * * # * * * * * * * * NS * * * * -
GE 3 * * * **■* *  it it- X X - * * * NS * * * * * * -
GP 4 * * * * * it-** * * * * * NS -
GP S * * * * * * * * * * * * * * * * -
GP 6 * * * * * * * * * * * * * * -
LÜcn * * * NS NS * * * -
SE 3 * * * * * * * -
SP 4 * * * NS -
SP 5 * * * -
SP 6 -
NS -  N o t s i g n i f i c a n t a t  p = Ü. □5
*  -  S ig n i f i c a n t  a t P = □ □5
* *  -  S ig n i f i c a n t  a t P = G. 01
* * *  -  S ig n i f i c a n t  a t P —  Ü ÜÜ1
d f  = 1Ö, e x c e p t w ith SE3, where i t i s  13.
On b o th  g r a n i t e  and s h a le  d e r iv e d  s o i l s ,  p e n e t r a t io n  
v a r ie s  l i t t l e  betw een s o i l s  u n d e r p in e  and u n d e r e u c a ly p ts ,  b u t  on 
th e  g r a v i t y  m ain r e v e g e ta t io n  a re a  th e  p e n e t r a t io n  v a lu e  i s  s i g n i f i c a n t l y  
h ig h e r  th a n  th e  v a lu e s  u n d e r b o th  e u c a ly p t  and p in e .  U nder s im i l a r
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ty p e s  a t v e g e ta t io n ,  p e n e t r a t io n  v a lu e s  on s h a le  s o i l s  a re  h ig h e r  
th a n  th e  v a lu e s  on g r a n i t e  s o i l s .  W ith in  th e  same ty p e  o f  s o i l  
and th e  same v e g e ta t io n ,  th e  v a lu e  o f  p e n e t r a t io n  on s te e p  s lo p e s  
i s  h ig h e r  th a n  th e  v a lu e  on s h a llo w  s lo p e s .
The above r e s u l t s  fro m  p e n e t r a t io n  t e s t s  in d ic a te  t h a t  
c o m p a c tio n  o f  g r a n i t e  s o i l  i s  lo w e r  th a n  f o r  s h a le  s o i l ,  and g iv e n  
th e  same ty p e  o f  s o i l  and v e g e ta t io n ,  co m p a c tio n  i s  lo w e r  on a 
s h a llo w  s lo p e  th a n  on a s te e p  s lo p e .  S in c e  c o m p a c tio n  i s  h ig h e r  on 
th e  g r a v i t y  m ain re v e g e ta te d  a re a  th a n  on b o th  th e  p in e  and e u c a ly p t  
f o r e s t ,  p o r o s i t y  w i l l  be th e  lo w e s t  on th e  g r a v i t y  m ain r e v e g e ta t io n  
in  a l l  c a se s , r e g a rd le s s  o f  s lo p e  o r  s o i l  o r i g i n .
4 .3 .3  P a r t i c le  S iz e  D i s t r i b u t i o n
M e c h a n ic a l a n a ly s is  was done on f i n e  e a r th s ,  t h a t  i s ,  
s m a l le r  th a n  2 mm in  d ia m e te r .  The r e s u l t s  f o r  each p lo t  a re  
g iv e n  in  A p p e n d ix  IV  A . P a r t i c le  s iz e  d i s t r i b u t i o n  f o r  in d iv id u a l  
c la s s e s ,  and c u m u la t iv e  p e rc e n ta g e  o f  p a r t i c l e  s iz e s  were c a lc u la te d  
and a re  shown in  A p p e n d ice s  IV  B and IV  C, Mean v a lu e s  o f  m e c h a n ic a l 
a n a ly s is ,  p a r t i c l e  s iz e  d i s t r i b u t i o n ,  and c u m u la t iv e  p e rc e n ta g e  o f  
p a r t i c l e  s iz e s ,  f o r  each s i t e  a re  g iv e n  in  T a b le  4 .1 0 .  The p a r t i c l e  
s iz e  g ra d in g  c u rv e s  f o r  a l l  s i t e s  a re  p re s e n te d  in  F ig .  4 . 2 .
E l l i s o n  (o p . c i t .  p .  29 ) su g g e s te d  t h a t  d e te rm in a t io n  o f  
p a r t i c l e  and a g g re g a te  s iz e s  c a r r ie d  by r a in  d ro p  s p la s h  and s u r fa c e  
f lo w  u n d e r f i e l d  c o n d i t io n s  may make i t  p o s s ib le  to  i d e n t i f y  
e r o s io n a l  d e p o s its  caused by s p la s h  and s u r fa c e  f lo w .  He fo u n d  t h a t  
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FIGURE 4 .2 P a r t i c le - s i z e  G ra d in g  C urves f o r  
S u r fa c e  S o i ls
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so that soil materials on the surface flow were composed of about 
90 percent silt plus clay and 5 percent sand plus gravel. Balci 
(up. cit. p.33 ) used rainfall simulation to investigate properties 
of eastern and western Washington forest soils to determine correlations 
between soil credibility and measurable differences in soil properties. 
He found that erodibility had significant inverse associations with 
percent silt. Bryan (op. cit. p, 19 ) explained that aggregate 
size distribution is important in erosion processes because aggregates 
below a certain size may be removed by erosion without previous 
dispersion. He also observed that there was high negative correlation 
between clay and total soil loss and significantly high correlation 
between sand content and soil loss, except for soils with a sand 
content above 85°/of which showed relatively low erodibility. Farmer 
(op. cit. p. 29 ) determined the relative detachability of 11 soil-size 
fractions of disturbed surface soil mass of two coarse-grained 
granite soils and a fine-textured clay soil under simulated rainfall.
By comparing the proportion of a given size fraction in the pre­
treatment soil mass with the proportion of that size fraction in the 
splashed soil, he found that without overland flow, soil particle 
sizes in the range of 110-1,480 pm  were most susceptible to detach­
ment by raindrop impact. With overland flow, the susceptible size 
range was 219-2,034 jjm. He concluded that particle detachability 
appeal's to be strongly influenced by three factors
(i) particle size;
(ii) type of particle, aggregate or grain; and
(iii) the presence or absence of a thin sheet of surface 
detension water.
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TABLE 4 .11  Summary o f  S i g n i f i c a n t  D i f f e r e n c e s  o f  P a r t i c l e
S i z e s  Between
a -  C o a rse  Sand %
G r a n i t e
6 5 4 3 2 1
1 NS XX XX x i <-XX 1
2 xxx NS XXX xx 2
3 NS NS NS NS 3
4 xx NS NS NS 4
5 xx XX x 5
5 NS XX x NS 6
6 5 4 3 2 1
S h a le
1 = E u c a ly p t  -  s t e e p  s lo p e
2 = E u c a ly p t  -  s h a l lo w  s lo p e
3 = E u c a ly p t  -  g r a v i t y  main
c -  S i l t  %
G r a n i t e
6 5 4 3 2 1
1 xx NS x NS XXX 1
2 seit-«- NS NS XXX 2
3 NS x xx x 3
4 XXX NS X XXX 4
5 X xxx XXX NS 5
6 NS XXX XX NS 6
6 5 4 3 2 1
S h a le
S i t e s  ( S t u d e n t ' s  ' t '  t e s t )  
b -  F in e  Sand °/o
G r a n i t e
6 5 4 3 2 1
1 XXX xxx NS X NS 1
2 XX xx NS NS 2
3 NS X- NS XXX 3
4 NS X XXX NS 4
5 NS NS NS XX 5
6 NS X X XXX 6
6 5 4 3 2 1
S h a le
4 = P in e  -  s t e e p  s lo p e
5 = P in e  -  s h a l lo w  s lo p e
6 = P in e  -  g r a v i t y  main
d -  C lay  °/o
G r a n i t e
6 5 4 3 2 1
1 XXX X XX XXX XXX 1
2 X NS XX NS 2
3 XX NS XX X 3
4 NS NS X XXX 4
5 NS NS X XXX 5
6 XX XX NS X 6
6 5 4 3 2 1
S h a le
NS -  Not s i g n i f i c a n t  a t  p = 0 .0 5
* -  S i g n i f i c a n t  a t  p = Q.D5
** -  S i g n i f i c a n t  a t  p = 0 .01
*** -  S i g n i f i c a n t  a t  p = 0 .001
1QQ
In this study, the analysis of particle size distribution 
indicated significant differences within the sites (Table 4.11), 
but there does not seem to be a marked difference in particle size 
distribution because of management practices. Significant decreases 
in clay particle content occurred when eucalypt was converted to 
pine, and revegetated grass showed a higher erodibility status, 
thus supporting the work of Balci, Bryan and Farmer.
4.3.4 Dispersion
Mean values of total silt plus clay (from mechanical 
analysis), dispersed silt plus clay and the coefficient correlation 
between total (silt + clay) and dispersed (silt + clay) are shown 
in Table 4.12.
TABLE 4.12 Total Silt Plus Clay, Dispersed Silt Plus 
Clay, and Coefficient Correlation Between 
Total (Silt + Clay) and Dispersed (Silt + Clay) 
for the Site
Parameter
Total Silt + Clay 
°/o












df it r ••
GE 1 22.45 + 1.91 8.29 + 1.84 8 0.5947 NS
GE 2 33.90 + 3.09 12.11 7 1.B8 8 0.5877 NS
GE 3 29.05 7 5.06 9.16 7 1.78 8 0.8433 **
GP 4 29.20 7 4.39 9.92 7 1.74 8 0.7513 *
GP 5 32.85 “ 11.01 10.10 7 1.18 8 0.2923 NS
GP 6 23.35 + 1.43 8.92 7 0.77 8 0.7619 *
SE 1 39.40 + 5.20 6.68 7 0.71 8 0.2478 NS
SE 3 40.10 + 3.15 13.56 7 1.94 3 0.1743 NS
SP 4 39.80 + 1 .30 11.98 7 2.99 8 0.0652 NS
SP 5 28.00 7 5.42 12.68 7 1.47 8 0.2867 NS
SP 6 35.10 + 3.17 10.63 7 1.60 8 0.3822 NS
NS - Not significantly correlated at Q.05 level 
* - Significantly correlated at 0.05 level 
** - Significantly correlated at 0.01 level 
df - degree of freedom
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W ith in  th e  s tu d y  a re a , t o t a l  ( s i l t  + c la y )  and d is p e rs e d  
( s i l t  + c la y )  a re  n o t c o r r e la te d  w ith  each o th e r  a t  each s i t e  
(T a b le  4 .1 2 ) ,  t h a t  i s ,  th e  d is p e r s io n  o f  a g iv e n  s o i l  does n o t 
depend upon th e  t o t a l  ( s i l t  + c la y )  c o m p o s it io n  in  th e  s o i l .  S o i l  
o f  th e  same o r i g i n  u n d e r th e  same ty p e  o f  v e g e ta t io n  i s  d is p e rs e d  more 
on a s h a llo w  s lo p e  th a n  on a s te e p  s lo p e .  On s o i l s  o f  g r a n i t e  o r i g i n ,  
d is p e r s io n  u n d e r p in e  and e u c a ly p t ,  p in e  and g r a v i t y  m ain 
r e v e g e ta t io n ,  and e u c a ly p t  and g r a v i t y  m ain  r e v e g e ta t io n  a re  n o t 
s i g n i f i c a n t l y  d i f f e r e n t ,  (T a b le  4 .1 3 ) .  However on s o i l s  o f  s h a le  
o r i g i n ,  th e  s o i l  u n d e r e u c a ly p t  a p p e a rs  t o  be th e  le a s t  d is p e rs e d  
com pared to  th e  s o i l s  u n d e r p in e  and g r a v i t y  m ain r e v e g e ta t io n .
TABLE 4 .1 3  Summary o f  S ig n i f i c a n t  D if fe r e n c e s  Between
D is p e rs e d  S i l t  P lu s  C la y  (S tu d e n t 's  * t '  t e s t )
G ra n ite
6 5 4 3 2 1
1 NS NS NS NS * * 1
2 * * NS NS * 2
3 NS NS NS 3
4 NS NS NS 4
5 NS NS NS * * * 5
6 * NS * 6
6 5 4 3 2 1
S h a le
S teep  s lo p e  
S h a llo w  s lo p e  
G r a v i t y  m ain
NS -  Not s i g n i f i c a n t  a t  p = 0.Q 5
*  -  S ig n i f i c a n t  a t  p = 0 .0 5
* *  -  S ig n i f i c a n t  a t  p = 0 .01
* * *  -  S ig n i f i c a n t  a t  p = 0.001
1 -  E u c a ly p t  -  S teep  s lo p e  4 -  P in e  -
2 -  E u c a ly p t  -  S h a llo w  s lo p e  5 -  P in e  -
3 -  E u c a ly p t  -  G r a v i t y  m ain 6 -  P in e  -
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4 .3 .5  S o i l  M o is tu re  C on ten t
Mean v a lu e s  o f  s u rfa c e  s o i l  m o is tu re  c o n te n t a t  3  BAR (F ie ld  
C a p a c ity )  and 15 BAR ( W il t in g  P o in t )  a re  g iv e n  in  Table  4 .1 4  
and a re  p lo t te d  in  F ig ,  4 .3  f o r  each s i t e .
TABLE 4 .1 4  Mean V a lues: S urface  S o i l  M o is tu re  C on ten t
p a ra m e te r S o i l  M o is tu re  C on ten t %)














GE 1 16.46 + 1 .94 8 .2 4  + 1 .05 8 . 2 2  + 1 .67
GE 2 21. 6 8  + 2.21 8 .4 0  7 1 .71 13.28 7 1 .07
GE 3 15.20  + 1 .95 6 .3 9  7 1 .33 8.81 7 0 .9 0
GP 4 19.75 7 2 .2 5 9 .90  7 1 .83 9 .85  7 1 .33
GP 5 18.45 7 5 .44 8 . 0 0  7 1 .84 10.45 7 4 .2 4
GP 6 15.43 + 0 .82 5 .62  7 0.41 9.81 7 0 .48
SE 1 23 .86  7 1 .57 9 .76  7 1 .42 14.10 7 1 .38
SE 3 20.32  7 1 .24 6 .3 7  7 0 .6 7 13.95 7 0 .9 6
SP 4 22.19 7 1 .97 7 .4 7  7 1 .57 14.72 7 1 .57
SP 5 15.93 + 3 .6 7 5 .8 9  7 1 .78 10.04 7 2.02
SP 6 16.48 7 2 .3 9 7 .6 5  7 0 .6 9 8 .8 3  7 1 .76
B a rn e tt  and Rogers ( l 966) id e n t i f ie d  s a i l  
param ete rs  f o r  p r e d ic t in g  s o i l  e r o d ib i l i t y  and r u n o f f  p o te n t ia l  
o f  c u l t iv a te d  fa l lo w  s o i l  th ro u g h  re g re s s io n  a n a lyse s  o f  the  s o i l  
and s i t e  p h y s ic a l p ro p e r t ie s  w ith  known v a lu e s  o f  r a i n f a l l , - e f f e c t i v e  
in t e n s i t y ,  r u n o f f ,  and s o i l  lo s s  from  te s ts  w ith  a r a i n f a l l  s im u la to r .  
They s ta te d  th a t  an e ro s io n  p r e d ic t io n  e q u a tio n  may p e rm it the  
d e te rm in a t io n  o f  s o i l - s i t e  e ro s io n  and r u n o f f  p o te n t ia l  th ro u g h  
s im p le  f i e l d  and la b o ra to ry  d e te rm in a t io n s  o f  s o i l - s i t e  p h y s ic a l 
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FIGURE 4 .3  M o is tu re  C on ten ts  Showing F ie ld  C a p a c ity  
and W il t in g  P o in t ,
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atm ospheres te n s io n  as f i e l d  param ete rs  necessa ry  to  be measured.
B a lc i  ( o p . c i t .  p . 3 3 ) a ls o  re p o r te d  th a t  s o i l  e r o d ib i l i t y  had 
s ig n i f ic a n t  in c re ase d  a s s o c ia t io n s  w ith  th e  permanent w i l t i n g  p o in t ,  
i . e . ,  the  s o i l  m o is tu re  a t  15 atm ospheres te n s io n .
S o i l  m o is tu re  c o n te n t a t  3 BAR and 15 BAR a re  s ig n i f i c a n t l y  
d i f f e r e n t  between some s i t e s  ( F ig .  4 .3 )  b u t th e re  a re  no c le a r  
d i f fe re n c e s  in  s o i l  m o is tu re  c o n te n t w h ich  can be a t t r ib u te d  to  
e i t h e r  fo r e s t  management o r  e n g in e e r in g  p r a c t ic e s .
4 .3 .6  S o i l  R e a c tion  (pH)
The mean pH v a lu e s  a t  d i f f e r e n t  s i t e s  a re  g iv e n  in  
T ab le  4 .1 5 .
TABLE 4 .1 5  The Mean pH V a lues a t  D i f f e r e n t  S ite s
S ite pH
Mean S .E .
GE 1 5 .6  0 .17
GE 2 5 .2  0 .1 5
GE 3 5 .5  0.11
GP 4 5 .7  0 .05
GP 5 5 .7  0 .10
GP 6 5 .8  0 .05
SE 1 4 .5  0 .07
SE 3 5 .3  0 .1 2
SP 4 5.1 0 .10
SP 5 5 .3  0 .08
SP 6 5 .4  0 .06
Under th e  same typ e  o f  v e g e ta t io n  and s lo p e , th e  pH 
v a lu e s  on sh a le  s o i l  were lo w e r than  the  v a lu e s  on g r a n ite  s o i l .
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W ith in  s o i ls  o f  th e  same o r ig in  (b o th  g ra n ite  and s h a le ) ,  a change 
o f  fo r e s t  co v e r from  e u c a ly p t to  p in e  re s u lte d  in  an in c re a s e  in  pH 
v a lu e s  o f  0.1 to  0 .6  u n i t s .  E n g in e e r in g  p ra c t ic e s  and re v e g e ta t io n  
a ls o  caused a s l ig h t  in c re a s e  in  pH (0 .1  -  0 .3  u n i t s ) ,  e xcep t on 
SE 3 (pH = 5 .3 )  where th e  pH was 0 .8  u n i ts  h ig h e r  than  on th e  
a d ja c e n t e u c a ly p t s i t e  SE 1 (pH = 4 . 5 )  w h ich  was th e  most a c id ic  s i t e  
w i t h in  the  s tu d y  a re a .
In  a n a ly s in g  th e  d a ta  f o r  change in  pH as a r e s u l t  o f  
fo r e s t r y  and e n g in e e r in g  p ra c t ic e s ,  com parisons must be made w ith  
s o i ls  o f  th e  same o r ig in  r a th e r  than  between s o i ls  a lth o u g h  th e re  
a re  in  some s i t e s  s ig n i f ic a n t  d if fe re n c e s  in  pH between s o i l  ty p e s . 
The d a ta  w ith in  th e  s tu d y  a rea showed t h a t : -
(1 )  Fo r s i t e s  GE 1, GE 2 , GE 3 (T a b le  4 .1 5  and 4 .1 6 )  th e re
is  no s ig n i f i c a n t  d i f fe re n c e  in  pH v a lu e s  and on t h i s  b a s is  
i t  appears t h a t  th e  e n g in e e r in g  w orks on th e  g r a n i te  s o i ls  
have n o t changed th e  s o i l  a c id i t y .
TABLE 4 .1 6  Summary o f  S ig n i f ic a n t  D if fe re n c e s  Between





























15 4 3 2
Shale
NS -  Not s ig n i f ic a n t  a t p = 0 .05 1
* -  S ig n i f ic a n t  a t  p = 0 .05 2
* *  -  S ig n i f ic a n t  a t  p = 0.01 3
* * *  -  S ig n i f ic a n t  a t  p = 0.001 4
5
6
E u c a ly p t -  S teep S lope 
E uca lyp t. -  S ha llow  S lope 
E u c a ly p t -  G ra v ity  Main 
P ine -  Steep S lope 
P ine -  S ha llow  S lope 
P ine  -  G ra v ity  Main
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(2 )  There is  a h ig h ly  s ig n i f ic a n t  d i f fe re n c e  between s i t e s  
SE 1 and SE 3 (T a b le s  4 .1 5  and 4 .1 6 )  and i t  appears th a t  
th e  e n g in e e r in g  works have s ig n i f i c a n t ly  in c re ase d  th e  pH 
v a lu e s  o f  th e  s u rfa c e  s o i l .
(3 )  There is  no s ig n i f ic a n t  d if fe re n c e  between GP 6 and both  
GP 4 and GP 5 (T a b le s  4 .1 5  and 4 .1 6 ) i . e .  as w ith  g r a n ite  
s o i ls  under e u c a ly p t ,  th e re  is  s im i la r ly  no s ig n i f ic a n t  
change in  pH v a lu e s  as a r e s u l t  o f  th e  e n g in e e r in g  works 
th ro u g h  p in e  fo r e s t  on g ra n ite  s o i l s .
( 4 ) There is  a s ig n i f ic a n t  d if fe re n c e  between SP 6 and SP 4 
b u t no s ig n i f ic a n t  d if fe re n c e  between SP 6 and SP 5 .
S ince  th e re  is  no s ig n i f ic a n t  d if fe re n c e  between SP 4 
and SP 5 i . e .  r e s p e c t iv e ly  s teep  and s h a llo w  s lo p e s , th e  
v a lu e  a t  SP 6 in d ic a te d  th a t  the  e n g in e e rin g  works have 
caused a s ig n i f i c a n t  change in  th e  pH v a lu e . In  as much 
a3 s i t e  SP 5 is  an a rea  w ith  a n a tu r a l ly  s teep  s lo p e  i t  is  
conc luded  th a t  th e  e n g in e e r in g  works in  p in e  fo r e s t  ove r 
sh a le  s o i l s  w ith  a s teep  s lope  have s ig n i f i c a n t l y  in c re ase d  
th e  s o i l  pH.
Thus e n g in e e r in g  works th rou g h  a v e g e ta t iv e  co ve r o f  e u c a ly p t 
and p in e  have changed th e  s o i l  s ta te  on th e  sh a le  s o i l  b u t n o t th e  
g r a n ite  s o i l .
The d a ta  in  Tab le  4 .1 5  and 4 .1 6  a ls o  show s ig n i f ic a n t  
changes in  pH as a r e s u l t  o f  fo r e s t  o p e ra tio n s  on th e  s teep  sh a le  
s o i l s ,  i . e .  th e  pH o f  SP 4 is  s ig n i f i c a n t l y  d i f f e r e n t  to  th a t  a t  
SE 1. A com parison f o r  s h a llo w  s lo p e s  on th e  sh a le  s i t e  was n o t
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a v a i la b le .  On g r a n i t e  s o i l  th e  d a ta  shows t h a t  th e re  i s  no 
s i g n i f i c a n t  change in  th e  pH s ta te  as a r e s u l t  o f  f o r e s t  o p e ra t io n s  
on th e  s te e p  s lo p e  (com pare  GP 4 and GE 1 ) b u t th e re  i s  a 
s i g n i f i c a n t  d i f f e r e n c e  on th e  s h a llo w  s lo p e  (GP 5 and GE 2 ) .
Thus f o r e s t r y  o p e ra t io n s  have had s i g n i f i c a n t  e f f e c t s  on 
th e  pH s ta te  o f  s te e p  s h a le  and s h a llo w  g r a n i t e  s o i l s  b u t no 
s i g n i f i c a n t  e f f e c t  on s te e p  g r a n i t e  s o i l s .
4 .3 .7  T o ta l  N it ro g e n  and P hospho rus
T a b le  4 .1 7  shows th e  mean v a lu e s  o f  t o t a l  n i t r o g e n  and 
p h o sp h o ru s  le v e ls  f o r  a l l  s i t e s .
TABLE 4 .1 7  Mean V a lu e s  o f  T o ta l  N it ro g e n  and P hosphorus
P ro p e r ty T o ta l  N it ro g e n ppm T o ta l P hospho rus ppm
S i t e Mean S E . Mean S .E .
GE 1 •1822 447 332 21
GE 2 1670 202 234 27
GE 3 1101 137 256 24
GP 4 1510 130 365 14
GP 5 829 113 141 13
GP 6 539 82 217 9
SE 1 1405 112 191 5
SE 3 693 121 141 11
SP 4 1163 165 194 22
SP 5 700 126 144 23
SP 6 481 52 151 7
U nder th e  same ty p e  o f  v e g e ta t io n  and s lo p e ,  b o th  t o t a l
n i t r o g e n  and p h osph o rus  le v e ls  were lo w e r  on s h a le  s o i l  th a n  on
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granite soil (GE 1 > SE 1, GP 4>SP 4, GE 3>SE 3 and GP 6>SP 6).
The difference was not significant at the 5% level in the case of 
nitrogen, but was highly significant at 0.1% level in the case of 
phosphorus, except for the phosporus level on shallow shale soil 
under pine (SP 5) which was slightly higher than the level on 
shallow granite soil under pine (GP 5). Within the same type of 
vegetation and geology, total nitrogen and phosphorus were lower on 
shallow slopes than on steep slopes (GE 2<GE 1, GP 5 < GP 4 and 
SP 5 < SP 4).
Forest management practices, i.e., the changing of forest 
cover from eucalypt to pine, lowered N and P levels on both granite 
and shale soils. Phosphorus levels decreased on shallow slopes, 
but increased on steep slopes. However the statistical analysis 
shows that the changes were not significant at the 5% level.
These results generally support Hamilton's conclusion (op. 
cit. p. 48 ) that when dry sclerophyll forest is changed to establish 
rodiata pine plantations, the levels of total nitrogen and total 
phosphorus are decreased. Hamilton suggested that this represented 
a decline in the fertility status of the surface soil.
Engineering practices and revegetation significantly
/
lowered the total nitrogen compared to the nearby forest. Phosphorus 
levels along the gravity main were also decreased on steep slopes 
(GE 1 >GE 3, GP 4 > GP 6, SE 1 >SE 3) but were increased on shallow 
slopes (GE 2 < GE 3, GP 5 < GP 6 and SP 5< SP 6) when compared to 
adjacent forest areas. The data does not therefore enable a general 
conclusion to be made regarding the effect of engineering construction 
and revegetation on phosphorus levels.
1D9
4.3.8 Total Cations
Seven cation levels (k , Na, Zn, Mg, Ca, Mn, Fe) were 
investigated and the mean values of total monovalent and divalent 
cations calculated (Table 4.1B) for all sites.
□n soils of the same slope under the same type of 
vegetation, total cation levels on shale soils were higher than for 
granite soils. Total cations on shallow slopes are lower than 
on steep slopes for the same vegetation type, as was the case with 
nitrogen and phosphorus (GE 2 <( GE 1, GP 5 <( GP 4 and SP 5 ( SP 4).
The total cations level under eucalypt was higher than the 
level under pine on the same type of soil and slope (GE 1 ) GP 4,
GE 2 )>Gp 5 and SE 1 ) SP 4). The levels on the gravity main 
revegetation were higher than the levels under pine and eucalypt 
for the same soil (GE 3 > GE 1 and GE 2, GP 6 > GP 4 and GP 5, SE 3>SE 1 
and SP G^SP 4 and SP 5).
Divalent cations increase soil aggregation and thus 
increased concentrations of divalent cations would decrease erodibility 
(Kemper and Chepil, op, cit. p. 17 ; Wallis and Stevan, 1961).
The percentage of total divalent cations on granite soil 
was higher than the level on the shale soil under the same vegetation 
and slope (GE O  SE 1, GP 4 y SP 4 and GP 5]>SP 5). Granite soils, 
with a higher aggregation than shale soils for the same vegetation 
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The p e rc e n t d iv a le n t  c a t io n s  under e u c a ly p t was h ig h e r  
than  th e  pe rcen tage  under p in e  on the  s teep  s lo p e s  o f  bo th  g r a n ite  
and sh a le  s o i l s ,  bu t was lo w e r on th e  s h a llo w  s lo p e s . The s o i l  
under e u c a ly p t on s te e p  s lo p e s  thu s  shows b e t te r  a g g re g a tio n  than  
under p in e ,  and th e  s o i l  under e u c a ly p ts  on s h a llo w  s lo p e s  shows 
lo w e r a g g re g a tio n  than  under p in e .  On t h is  b a s is  r e a f fo r e s ta t io n  
on s teep  s lo p e s  in c re a s e s  th e  r i s k  o f  e r o d ib i l i t y  and a f f o r e s ta t io n  
on s h a llo w  s lo p e s  decreases th e  r i s k  o f  e r o d ib i l i t y .
The le v e ls  o f  d iv a le n t  c a t io n s  on th e  g r a v i t y  main s i t e s  
were s im i la r  to  those  in  th e  s o i l  o f  the  nearby v e g e ta t io n ,  excep t 
on GP 6 where th e  d iv a le n t  c a t io n s  le v e l was much h ig h e r  than  GP 4 
o r  GP 5 . The e n g in e e r in g  c o n s tru c t io n s  and re v e g e ta t io n  do n o t 
m arked ly  a f f e c t  th e  a g g re g a tio n  and hence th e  r i s k  o f  e ro s io n  
is  unchanged.
4 .4  INDICES OF SOIL ERODIBILITY 
4 . 4 . 1  D is p e rs io n  R a tio
M id d le to n  (op .  c i t .  p.  21 ) found th a t  th e  p ro p e r t ie s  o f  
s o i l  g iv in g  the  bea t index  o f  e ro s iv e n e s s  w e re :-  th e  d is p e rs io n  
r a t i o ,  the  r a t i o  o f  c o l lo id  c o n te n t to  m o is tu re  e q u iv a le n t ,  th e  
e ro s io n  r a t i o ,  and th e  s i l ic a - s e s q u io x id e  r a t i o .  M id d le to n , in  
d is c u s s in g  th e  v a l i d i t y  o f  these  r a t io s ,  s ta te d  th a t  th e  d is p e rs io n  
r a t i o  was p ro b a b ly  th e  most v a lu a b le  s in g le  c r i t e r io n  in  
d is t in g u is h in g  between e ro s iv e  and n o n -e ro s iv e  s o i l s .  S u s c e p t ib i l i t y  
to  e ro s io n  in c re a se d  w ith  in c re a s in g  va lu e s  o f  th e  d is p e rs io n  r a t i o ,  
and he found v a lu e s  were g e n e ra lly  above 15 f o r  "e ro d ib le  s o i l s "
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and be low  15 f o r  " n o n - e r o d ib le "  s o i l s .  S in c e  M id d le to n 's  w o rk , 
th e  d is p e r s io n  r a t i o  has been used f r e q u e n t ly  and c o n f irm e d  as a 
s i g n i f i c a n t  in d ic a t o r  o f  e r o d i b i l i t y  by L u tz  (o p . c i t .  p . 2 2 ) ;  
M id d le to n  and S la t e r  (1 9 3 5 ); A nderson  (o p . c i t .  p .2 1  ) ;
A ndre and A nderson  (1 9 6 1 ) ;  W a l l is  and S tevan  (o p . c i t .  p . 109 ) ;  
□ Is o n  and W isch m e ie r ( 1963) and C h h e t r i  (o p . c i t .  p . 2 9 ) .
□n th e  b a s is  o f  M id d le to n 's  d is p e r s io n  r a t i o s ,  a l l  th e  
s o i l s  w i t h in  th e  s tu d y  a re a  a re  " e r o d ib le "  s o i l s  (T a b le  4 .1 9 ) .
TABLE 4 .1 9  Mean D is p e rs io n  R a t io  f o r  th e  S i t e
S i t e D is p e rs io n  R a t io
Mean
95% C o n fid e n c e  
L im i t s
GE 1 3 6 .7 5 + 6 .1 6
GE 2 3 6 .7 6 + 7 .9 5
GE 3 31 .65 + 3 .6 2
GP 4 3 4 .2 0 + 3 .6 4
GP 5 3 6 .7 5 + 1 1 .4 5
GP 6 3 8 .1 7 + 2 .2 2
SE 1 1 7 .3 7 ±  2 .71
SE 3 3 3 .9 2 + 5 .3 2
SP 4 3Ü .15 + 7 .6 5
SP 5 4 7 .7 2 + 8 .6 3
SP 6 3 0 .4 4 + 4 .3 0
T here  a re  s i g n i f i c a n t  d i f f e r e n c e s  in  th e  d is p e r s io n  r a t i o  
between s i t e s  (T a b le  4 .2 G ) a t  GP 6 , SP 5 and SE 1, th e  e u c a ly p t  
a re a  on s h a le  s o i l ,  where th e  r a t i o  i s  much lo w e r .  The d a ta  th u s





TABLE 4 .2 0  Summary o f  S ig n i f ic a n t  D if fe re n c e s  Between
D is p e rs io n  R a tio  Values (S tu d e n t 's  1t 1 t e s t )
G ra n ite
6 5 4 3 2 1
1 NS NS NS NS NS 1
2 NS NS NS NS 2
3 ■#-* NS NS 3
4 NS NS - K - * 4
5 NS * * * * * 5
6 * * * NS NS 6
6 5 4 3 2 1
Shale
Not s ig n i f i c a n t  a t  
S ig n i f ic a n t  a t  p = 
S ig n i f ic a n t  a t  p = 
S ig n i f ic a n t  a t  p =
p = 0 .05 1 = E u c a ly p t -  S teep S lope
0 .0 5 2 = E u c a ly p t -  S ha llow  S lope
0.01 3 = E u c a ly p t -  G ra v ity  Main
0.001 4 = P ine -  S teep S lope
5 = P ine -  S ha llow  S lope
6 = P ine  -  G ra v ity  Main
TABLE 4.21 Mean C lay  R a tio  f o r  th e  S ite s
C la y  R a tio
S ite
Mean
95% C on fidence  
L im its
GE 1 10.66 + 1 .33
GE 2 5 .7 3 + 0 .73
GE 3 5 .3 2 + 1 .35
GP 4 8 .3 5 + 1 .04
GP 5 8 .0 2 + 2 .3 0
GP 6 7 .6 4 + 0 .64
SE 1 3 .58 + 0 .44
SE 3 4 .5 8 + 0 .24
SP 4 4 .9 3 + 0.41
SP 5 8 .9 8 + 3.91
SP 6 4 .3 7 + 0 .48
114
(1 )  th e  s h a le  s o i l  u n d e r e u c a ly p t  a p p e a rs  more s ta b le  th a n  
a t  any o th e r  s i t e ;
(2 )  th e re  i s  l i t t l e  d i f f e r e n c e  in  e r o d i b i l i t y  o f  s o i l  o f  
g r a n i t e  o r i g i n ;  and
( 3 ) th e  s o i l  o f  s h a le  o r i g i n  may be more l i a b l e  to  e ro d e  when th e  
e u c a ly p ts  a re  re p la c e d  because o f  f o r e s t  and e n g in e e r in g  p r a c t ic e s .
4 .4 .2  C la y  R a t io
The mean v a lu e s  o f  th e  c la y  r a t i o  f o r  a l l  s i t e s  a re  g iv e n  in
T a b le  4 .2 1
Bouyoucos (o p . c i t .  p . 22 ) p roposed  t h a t  th e  c la y  r a t i o  s h o u ld  
be used to  e v a lu a te  e r o d i b i l i t y ,  in s te a d  o f  th e  e ro s io n  r a t i o ,  because i t  
was " s im p le ,  l o g i c a l  and more s c i e n t i f i c " .  S tu d ie s  by Bouyoucos showed 
th a t  th e  c la y  r a t i o  was s m a l le s t  i n  n o n -e ro s iv e  s o i l s  and g r e a te s t  in  
e ro s iv e  s o i l s .
In  t h i s  s tu d y ,  c la y  r a t i o  v a lu e s  on g r a n i t e  s o i l s  were 10 .6 6  
and 5 .7 3  u n d e r e u c a ly p ts ,  8 .3 5  and 8 .0 2  u n d e r p in e s ,  and 5 ,3 2  and 7 .6 4  
u n d e r r e v e g e ta t iv e  g ra s s e s  r e s p e c t iv e ly .  On s h a le  s o i l s  th e  mean v a lu e s  
were 3 .5 8  u n d e r e u c a ly p t ,  4 .9 3  and 8 .9 8  u n d e r p in e s ,  and 4 .5 8  and 4 .3 7  
u n d e r g ra s s e s .  The mean v a lu e s  on s h a le  s o i l  were lo w e r  th a n  th e  v a lu e s  
on g r a n i t e  s o i l  i n d ic a t in g  lo w e r  s u s c e p t i b i l i t y  to  e r o s io n ,  e x c e p t a t  SP 5 
where th e  c la y  r a t i o  was much h ig h e r  th a n  f o r  s h a le  s o i l s  a t  o th e r  s i t e s .  
A lth o u g h  c la y  r a t i o  v a lu e s  v a r ie d  s i g n i f i c a n t l y  fro m  s i t e  to  s i t e  (T a b le  4 .2 2 ) ,  
no c le a r  d i f f e r e n c e  was caused by change o f  v e g e ta t iv e  c o v e r  on 
g r a n i t e  s o i l s .  T he re  was a h ig h ly  s i g n i f i c a n t  in c re a s e  in  c la y  
r a t i o  v a lu e s  on s h a le  s o i l s  on c h a n g in g  th e  v e g e ta t iv e  c o v e r  fro m  
e u c a ly p t  to  re v e g e ta te d  g ra s s e s , and s i g n i f i c a n t  s u c c e s s iv e  in c re a s e s  
by ch a n g in g  to  p in e  and th e n  re v e g e ta te d  g ra s s e s .
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TABLE 4 .2 2  Summary o f  S ig n i f ic a n t  D if fe re n c e s  Between 
C la y  R a tio  Values (S tu d e n t 's  ' t ' t e s t )
G ra n ite
6 5 4 3 2 1
1 -a-*-* * * - * * * * ■JHHt 1
2 NS * * * NS 2
3 *-* * **•* 3
4 NS NS NS * * 4
5 NS -K-* * -x -* * 5
6 * * * NS NS X-X-K- 6
6 5 4 3 2 1
Shale
Thus th e  d a ta  in d ic a te s  t h a t : -
(1 )  th e  s o i l  o f  g r a n ite  o r ig in ,  w ith  a h ig h e r  c la y  r a t i o ,  i s  
more e ro d ib le  than  sh a le  s o i l ;
(2 )  th e  s o i l  on g r a n ite  does n o t become more e ro d ib le  
because o f  f o r e s t r y  and e n g in e e r in g  p ra c t ic e s ;
( 3 ) th e re  i s  a s ig n i f i c a n t  in c re a s e  in  e r o d i b i l i t y  o f  sh a le  
s o i l s  when th e  d ry  s c le r o p h y l l  f o r e s t  c o v e r i s  changed to  
e i t h e r  p in e  o r  g ra s s ; and
( 4 ) th e re  i s  a s ig n i f ic a n t  in c re a s e  in  e r o d i b i l i t y  when 
p in e  i s  changed to  g ra s s .
4 .4 .3  P o ro s ity  and S u rfa ce  S o i l  B u lk  D e n s ity
The mean v a lu e s  o f  th e  s u rfa c e  s o i l  b ü lk  d e n s ity ,  t o t a l  p o ro s it>  
and n o n - c a p i l la r y  p o r o s i t y  o f  a l l  s i t e s  a re  g iv e n  in  T ab le  4 .2 3 .  .
S u rfa ce  s o i l  b u lk  d e n s it ie s  under m ature  p in e  fo r e s t  were 
s ig n i f i c a n t l y  le s s  (T a b le  4 .2 4 )  than  b u lk  d e n s i t ie s  under m ature
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TABLE 4 .2 3  Mean V a lues o f  B u lk  D e n s ity  (S u rfa ce  S o i l )  
and P o ro s ity
Param eter B u lk  D e n s ity  (S u r­
fa ce  S o i l )  qm/cc
T o ta l P o ro s ity
f%)
N o n -C a p illa ry  
P o r o s ity  (%)
S i t e ^ ^ - ^ Mean S .E . Mean S .E . Mean . S .E .
GE 1 1 .17 0 .07 3 7 .13 3 .0 2 31 .86 3 .0 9
GE 2 1 .15 0 .04 39.08 1 .71 31 .98 1 .12
GE 3 1 .40 0 .0 5 24 .65 2 .3 5 18 .55 2 .8 9
GP 4 1 .13 0 .0 4 39.14 2 .2 3 31 .28 1 .87
GP 5 1 .12 0 .0 5 4 2 .9 0 2 .5 2 3 3 .65 2 .3 6
GP 6 1 .43 0 .04 25 .06 2 .8 3 12.95 2.61
SE 1 1 .21 0.01 34.71 1 .03 2 9 .9 6 1 .12
SE 3 1 .47 0 .0 5 31 .28 4 .3 5 2 6 .15 4 .5 6
SP 4 □ .99 0.01 4 2 .58 2 .5 9 3 7 .3 6 2 .6 4
SP 5 1 .15 0 .0 2 4 2 .63 1 .72 36 .14 2.51
SP 6 1 .21 0.01 4 2 .35 1 .39 3 2 .04 1 .71
s ta n d s  o f  e u c a ly p t  o n ly  on s h a le  s o i ls  (SE 1 )  SP 4 and SP 5 ) .  They 
were a ls o  lo w e r, b u t n o t s ig n i f i c a n t l y  so , f o r  th e  g r a n i te  s o i l s .  
S u rfa ce  s o i l  b u lk  d e n s i t ie s  were s ig n i f i c a n t l y  g re a te r  a t  a l l  s i t e s  
where th e re  had been e n g in e e r in g  w o rks , when compared to  a d ja c e n t 
s i t e s  (GE 3 > GE 1 and GE 2 , GP 6 >  GP 4 and GP 5 , SE 3 >  SE 1 and 
SP 6 >SP 4 and SP 5 ) .
Mean v a lu e s  '■of bo th  t o t a l  p o r o s i t y  and n o n - c a p i l la r y  p o r o s i ty  
were c o r re la te d  w ith  mean v a lu e s  o f  s u r fa c e  b u lk  d e n s ity  and th e  
c o r r e la t io n  was h ig h ly  s ig n i f i c a n t  (p  = 0 .G G 1). The te s t s  f o r  
s ig n i f i c a n t  d i f fe r e n c e  between s i t e s  (T a b le  4 .2 4 )  f o r  b u lk  d e n s ity ,  
t o t a l  p o r o s ity  and n o n - c a p i l la r y  p o r o s ity  showed th e  same t re n d  on 
th e  g r a n ite  bu t n o t  on th e  s h a le .
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TABLE 4 .2 4  Summary o f  S ig n i f ic a n t  D if fe re n c e s  in  B u lk  
D e n s ity  and P o ro s ity  o f  S u rface  S o i l  
(S tu d e r it*s  * t *  t e s t )
a -  B u lk  D e n s ity
G ra n ite
6 5 4 3 2 1
1 * * NS NS * NS 1
2 NS NS * * 2
3 NS * * ***■ 3
4 NS * * * 4
5 * * * 4BHfr # 5
6 * * * * NS 6
6 5 4 3 2 1
Shale
b -  T o ta l P o ro s ity
G ra n ite
6 5 4 3 2 1
1 * NS NS -«•* NS 1
2 NS NS 2
3 NS * * * ■JHHfr NS 3
4 -X-* NS * * 4
5 * * * NS * * * 5
6 NS NS * * * * 6
6 5 4 3 2 1
S hale
c -  N o n -C a p illa ry  P o ro s ity
G ra n ite
6 5 4 3 2 1
1 * * * NS NS NS 1
2 NS NS * * * 2
3 NS * * * * NS 3
4 * * * NS * * 4
5 NS NS 5
6 NS NS NS NS 6
6 5 4 3 2 1
Shale
1 = E u c a ly p t -  S teep S lope
2 = E u c a ly p t  -  S ha llow  S lope
3 = E u c a ly p t -  G ra v ity  Main
4 = P ine  -> S teep S lope
5 = P ine -  S ha llow  S lope
6 = P ine -  G ra v ity  Main
NS -  Not S ig n i f ic a n t  a t  p = 0.D5 
*  -  S ig n i f ic a n t  a t  p = Ü.D5 
* *  -  S ig n i f ic a n t  a t  p = 0.Q1 
* * *  S ig n i f ic a n t  a t  p = 0.001
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A s o i l  w ith  low  d e n s ity  has a h ig h  p o r o s ity ,  a h ig h  ra te  
o f  i n f i l t r a t i o n  and a low  s u s c e p t ib i l i t y  to  e ro s io n  (B e n n e tt,  H a r r is ,  
op. c i t .  p . 18 ) .  The b u lk  d e n s ity  and p o r o s ity  r e s u l t s  th e re fo re  
in d ic a te  th a t  the  s u rfa c e  s o i l  under m ature p in e  p la n ta t io n  is  
le s s  e ro d ib le  than  th e  s u rfa c e  s o i l  under n a tu ra l e u c a ly p t s tands  
on bo th  g r a n ite  and sh a le  s o i l s .  On th e  o th e r  hand s o i ls  w h ich  
have undergone e n g in e e r in g  works show s ig n i f i c a n t l y  in c re a se d  s u rfa c e  
b u lk  d e n s it ie s  (and s ig n i f i c a n t l y  decreased p o r o s i t ie s )  and a re  th u s  
more l i a b le  to  e rode  than  u n d is tu rb e d  s u rfa c e  s o i ls  under th e  m ature 
fo r e s t  s tand  o f  p in e  and e u c a ly p t .
4 .4 .4  S tone o r  Coarse P a r t ic le  C on ten t
In  t h i s  s tu d y , a gg rega tes  )>2mm (g ra v e l)  were s ie ve d  o u t 
in  th e  d ry  s ta g e , and mean v a lu e s  o f  a l l  s i t e s  c a lc u la te d  (T a b le  4 .2 5 ) .
TABLE 4 .2 5  Mean G ra ve l C on ten t o f  the  S ite
C A 4-r-i
Mean G rave l C on ten t 
by W eighto i t e
(P e rc e n t)
95% C on fidence  
L im it
GE 1 37 .43 + 9.01
GE 2 25 .70 + 6 .7 4
GE 3 36.05 + 5 .4 0
GP 4 26.56 + 11.03
GP 5 12.68 + 3 .4 0
GP 6 25.51 + 6 .5 5
SE 1 48 .57 + 6 .5 0
SE 3 4 5 .7 0 +  6 .7 9
SP 4 4 7 .3 3 +  6 .7 4
SP 5 39 .02 + 5 .4 7
SP 6 37.41 +  7 .0 2
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The s o i l  o f  sh a le  o r ig in  i s  more s to n y  than  th e  s o i l  o f  
g r a n ite  o r ig in  (SE 1 > GE 1, SP 4>G P  4 , SP 5>G P 5 , SE 3>G E 3 and 
SP 6^>GP 6 ) .  A lth o u g h  n o t s ig n i f ic a n t  a t  th e  5% le v e l ,  th e  s o i l  
on s teep  s lo p e s  c o n ta in e d  more g ra v e l than  the  s o i l  on s h a llo w  
s lo p e s  under s im i la r  typ e s  o f  v e g e ta t io n  (GE O  GE 2, GP 4 >GP 5 and 
SP 4 ]>SP 5 ) in d ic a t in g  th a t  th e  e ro d ib le  s m a lle r  a gg rega tes  had 
been washed away on s teep  s lo p e s . A com parison o f  s i t e s  (GE 1 and 
GE 3 , GP 4 and GP 6 , and SE 1 and SE 3, SP 4 and SP 6 ) shows no 
s ig n i f i c a n t  d if fe re n c e s  and th e  d a ta  in d ic a te  th a t  f o r e s t r y  management 
and e n g in e e r in g  p ra c t ic e s  have n o t a f fe c te d  the  p ro p o r t io n  o f  th e  s o i l  
w ith  p a r t i c le  s iz e  ]> 2mrn.
A number o f  w o rke rs  have in v e s t ig a te d  th e  w e ig h t o f  w a te r -  
s ta b le  a gg re g a te s  as a measure o f  e r o d ib i l i t y  (Adams e t .  a l . ,  
W oo ld ridge , Farmer and Van H avern, op. c i t .  S e c t. 2 .4 .3 ) .  Bryan 
(o p . c i t .  p . 19 ) conc luded  th a t  th e  pe rcen tage  w e ig h t o f  w a te ri- 
s ta b le  agg re g a te s  g re a te r  than  3mm was th e  most r e l ia b le  in d e x  to  
show th e  c o r r e c t  o rd e r  o f  e ro s io n  in  each case he s tu d ie d .  In  t h i s  
s tu d y  s o i l  o f  sh a le  o r ig in  is  more s to n y  than  the  s o i l  o f  g r a n ite  
o r ig in  and a lth o u g h  t h i s  is  based on a s e p a ra tio n  s iz e  o f  2mm, i t  
in d ic a te s  in  r e la t io n  to  B ryan*s  work th a t  g r a n ite  s o i l  i s  more 
l i k e l y  to  be eroded than  s h a le  s o i l .  T ha t the  s o i l  o f  s te e p  s lo p e s  
c o n ta in e d  more g ra v e l than  s o i l  on s h a llo w  s lo p e s  s im i la r ly  in d ic a te s  
th a t  th e  s u rfa c e  s o i l s  o f  th e  s h a llo w  s i t e s  a re  more e ro d ib le  than  on 
th e  s tee p  s lo p e s . However, th e  m agnitude o f  s lo p e  can o f  course  
in f lu e n c e  th e  e ro s io n  th a t  a c tu a l ly  take s  p la c e .
i
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4 . 4 .5  O rgan ic  M atte r  C onten t
S o i l  o rg a n ic  m a t te r  i s  an im p o r tan t  f a c t o r  in  th e  c o n t r o l  
o f  a e r a t i o n ,  w a te r -h o ld in g  c a p a c i t y ,  and g r a n u la t io n  o f  f i e l d  s o i l s .
I t  c o n s t i t u t e s  on ly  a sm all  p a r t  o f  t o t a l  w eight in  m in e ra l  s o i l s  
but most o f  th e  o rg a n ic  m a t te r  i s  found in  th e  top  s o i l  and any e ro s io n  
t h a t  o ccu rs  w i l l  r e s u l t  in  s i g n i f i c a n t  o rg a n ic  m a t te r  l o s s e s .
The mean p e rc e n ta g e  o f  L o s s - o n - I g n i t io n  (°/o Lo l)  i s  g iven  
in  Table 4 .2 6  fo r  a l l  s i t e s .
TABLE 4 ,2 6  Mean °/> L o s s -o n - Ig n i t io n
S i t e
% Lol
Mean 95% Confidence 
L im its
GE 1 6.61 4 .9 5 8 .2 6
GE 2 7 .88 6 .9 3 8 .83
GE 3 5 .4 2 4 .8 8 5.97
GP 4 7 .3 3 5 .68 8 .97
GP 5 4 .1 2 3.D5 5 .1 9
GP 6 4 .5 4 3.54 5.54
SE 1 11 .80 10.66 12.94
SE 3 5.4G 3.77 7 .03
SP 4 8 .8 3 6 .9 0 10.75
SP 5 5 .28 5 .10 5 .4 6
SP 6 4 .9 5 4 .5 4 5 .36
The mean v a lu e s  o f  % Lol on s te e p  and sha llow  s lo p e s  on 
g r a n i t e  under e u c a ly p t  (GE 1 and GE 2) were w i th in  th e  same r a n g e .  
For th e  same s lo p e s  under e u c a ly p t ,  s h a le  s o i l  was s i g n i f i c a n t l y  
h ig h e r  th an  f o r  g r a n i t e  s o i l  (SE 1 > GE 1 ) .  Lol °/o was s i g n i f i c a n t l y
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h ig h e r  on s teep  s lo p e s  under p in e  on s o i l  o f  bo th  sh a le  and g r a n ite  
o r ig in  (GP 4)>GP 5 and SP 4]>SP 5 ) .  For th e  same s lo p e s  th e re  
was no s ig n i f ic a n t  d i f fe re n c e  between p in e s  on sha le  and on g r a n ite  
s o i ls  (GP 4 and SP 4 , GP 5 and SP 5 ) .  Change o f  v e g e ta t iv e  c o v e r 
from e u c a ly p t to  p in e  in c re a se d  % L o l on s teep  g ra n ite  s lo p e s  
(GP 4>G E  1) b u t °/o L o l was s ig n i f i c a n t l y  decreased on s h a llo w  g r a n ite  
s lo p e s  [GE 2)> GP 5 ) and on s tee p  sh a le  s lo p e s  [SE 1 SP 4 ) .  G ra v ity  
main re v e g e ta te d  s i t e s  showed no s ig n i f ic a n t  d if fe re n c e  between sh a le  
and g r a n i te  s o i ls  [GE 3 and SE 3 , GP 6 and SP 6 ) ,  b u t th e  mean °/o L o l 
was lo w e r than  nearby s i t e s  e xcep t f o r  GP 5 w hich had th e  lo w e s t 
mean % L o l w i th in  th e  s tu d y  a re a .
H a m ilto n  [o p ,  c i t .  p .  40 ) in v e s t ig a te d  th e  lo s s  on 
ig n i t io n  in  s ix  p a ir s  o f  p lo ts  lo c a te d  a t  Kowen, P ie rc e s  Creek and 
B r in d a b e lla  ra n ge s , in  th e  A .C .T .  The r e s u l t s  o f  th e  e xpe rim en t 
co n firm e d  th e  work o f  H a m ilto n  who found th a t  the  s o i l  in  th e  d ry  
s c le r o p h y l l  fo r e s t  a reas  on w h ich  p in e s  [P in u s  r a d ia t a ) had been 
e s ta b lis h e d  showed a c o n s id e ra b le  f a l l  in  L o s s - o n - Ig n i t io n  v a lu e s .
The presence o f  o rg a n ic  m a tte r  and l im e , in  s o i ls  w ith  the  
s m a lle r  p a r t i c le s  aggrega ted  in to  g ra n u le s , enab les  w a te r a b s o rp t io n  
to  o c c u r more q u ic k ly  than  th e  same s o i l  in  the  n o n -g ra n u la te d  s ta te ,  
and th e y  a re  more r e s is ta n t  to  d is p e rs io n  and e ro s io n  [B a ve r, op. 
c i t .  p .  ? ) .  However M cC alla  [1945) conc luded th a t  q u a n t i ty
o f  o rg a n ic  m a tte r  may n o t be as im p o rta n t as q u a l i t y  in  p ro du c in g  
s t a b i l i t y  to  w a te r d ro p s . A number o f  w o rke rs  have found an in v e rs e  
r e la t io n s h ip  between % L o l and e r o d ib i l i t y  [W il l ia m s  and Cooke, 1961; 
B ryan, op. c i t .  p .  19 ; B a lc i ,  op. c i t .  p.  33 ) .
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The s o i ls  s tu d ie d  have h ig h e r  o rg a n ic  m a tte r  c o n te n t on 
s te e p e r s lo p e s  than  s o i l  on s h a llo w  s lo p e s  re g a rd le s s  o f  s o i l  
o r ig in  and v e g e ta t io n  ty p e , t h i s  be ing  most marked under p in e  s ta n d s . 
On the  b a s is  o f  th e  f in d in g s  o f  th e  w orke rs  c i te d  above th e  s o i ls  
on s te e p e r s lo p e s  would have h ig h e r  a g g re g a tio n  and be le s s  
s u s c e p t ib le  to  e ro s io n .  The o rg a n ic  m a tte r  c o n te n t o f  g r a n ite  s o i ls  
does n o t appear to  change when p in e  fo r e s t  is  e s ta b lis h e d  on th e  
d ry  s c le r o p h y l l  f o r e s t  s i t e s  b u t th e  o rg a n ic  m a tte r  is  s ig n i f i c a n t l y  
low ered  i f  th e  s o i l  i s  o f  sh a le  o r ig in .  Thus, and aga in  on th e  
b a s is  o f  th e  re p o r te d  f in d in g s ,  a f f o r e s ta t io n  on sh a le  s o i ls  would 
in c re a s e  th e  r i s k  o f  e r o d i b i l i t y .  E n g in e e r in g  p ra c t ic e s  in v e s t ig a te d  
in  t h i s  s tu d y  g e n e ra l ly  caused th e  o rg a n ic  m a tte r  c o n te n t to  decrease 
on both  ty p e s  o f  s o i l s  bu t th e  changes were n o t h ig h ly  s ig n i f i c a n t .  
Thus, a g a in  on th e  b a s is  o f  th e  re p o r te d  f in d in g s ,  the  e n g in e e r in g  
works d id  n o t s ig n i f i c a n t l y  change th e  s u s c e p t ib i l i t y  o f  th e  s u rfa c e  
s o i l  to  e ro s io n .
4 .4 .6  A ggregate  S t a b i l i t y
Mean v a lu e s  o f  th e  number o f  w a te r d rops re q u ire d  to  
s t a r t  b re a k in g , and to  d e s tro y ,  the  s o i l  agg rega tes  a re  shown in  
T ab le  4 .2 7 .
The number o f  w a te r d rops re q u ire d  to  s t a r t  b re a k in g  the  
agg rega te  is  h ig h ly  c o r re la te d  (p  = 0 .0 0 1 ) w ith  the  t o t a l  number 
o f  w a te r d rops re q u ire d  to  d e s tro y  them.
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TABLE 4 .2 7  Summary o f  A gg rega te  S t a b i l i t y  o f  
S u rfa ce  S o i l
S ite
Nos. o f  W ater D ro p s /0 .1 gm S o i l
S ta r t  to  
b reak 
Mean Mean
To d e s tro y  
95°/o
C on fidence  L im its
GE 1 22 .7 4 3 .3 2 6 .0 6 0 .6
GE 2 13.4 2 4 .8 14 .6 3 5 .0
GE 3 8 .0 18.5 14.8 2 2 .3
GP 4 13.7 22 .5 17 .2 2 7 .8
GP 5 Q .7 18.2 14.6 21 .7
GP 6 4.1 10.4 9 .4 11 .4
SE 1 15 .6 31 .3 27 .7 3 4 .9
SE 3 7.1 15.7 12 .9 18 .5
SP 4 1 2 .7 2 4 .9 21 .1 28 .8
SP 5 9 .7 18.8 15.7 21 .8
SP 6 6 .0 12 .6 9 .8 15 .3
Bryan (o p . c i t .  p . 19 ) conc luded  th a t  a g g re g a tio n  is
th e  most im p o rta n t s o i l  p ro p e r ty  g o v e rn in g  re s is ta n c e  to  e ro s io n  in
many s o i l s ,  and th e  most p r o f i t a b le  f i e l d  f o r  f u r t h e r  s tu d y  in
in d e x in g  s o i l  e r o d i b i l i t y  would be a g g re g a te  s t a b i l i t y  and d is t r ib u t io n .
The s o i l  agg re g a te s  on s tee p  s lo p e s  seem more s ta b le  than  th e  agg rega tes
on s h a llo w  s lo p e s  on both  s o i l  ty p e s  i f  under th e  same ty p e  o f
v e g e ta t iv e  co v e r (GE O  GE 2 , GP 4 )> GP 5 , and SP 4 ^  SP 5 ) b u t th e
d if fe re n c e s  a re  n o t s ig n i f i c a n t  a t  th e  5°/o le v e l .  The s o i l  under
e u c a ly p t is  more s ta b le  than  th e  s o i l  unde r p in e  f o r  th e  same ty p e
o f  s o i l  and s lo p e  (GE 1 > GP 4 , GE 2 > GP 5 , SE 1 > SP 4 ) bu t the
\
d if fe re n c e s  a re  a g a in  n o t s ig n i f i c a n t  a t  5°/o le v e l .  The s t a b i l i t y
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o f  s o i l  a gg re g a te s  a t  the  s i t e s  on th e  g r a v i t y  main is  s ig n i f i c a n t l y  
lo w e r (5% le v e l )  than  nea rby s i t e s ,  on s o i ls  o f  bo th  g r a n ite  and 
sh a le  o r ig in  (GE 3 < GE 1, GP 6 <GP 4 and GP 5,  SE 3 < SE 1, and 
SP 6 <SP 4 and SP 5 ) .
4 . 5  SUMMARY OF RESULTS
The r e s u l t s  and f in d in g s  re g a rd in g  the  s o i l  p ro p e r t ie s  and 
e r o d i b i l i t y  in d ic e s  in v e s t ig a te d  in  t h i s  s tu d y  a re  summarized in  
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Change in  fo r e s t  la n d  use is  a c o n t in u in g  p rocess  o ve r 
e x te n s iv e  a re as  o f  A u s t r a l ia 's  fo r e s t  e s ta te .  Changes in  bo th  s o i l  
p ro p e r t ie s  and th e  s u s c e p t ib i l i t y  to  e ro s io n  may o ccu r as a consequence 
and i t  i s  im p o rta n t to  assess the  s ig n if ic a n c e  o f  th e  a l t e r a t io n s  in  
p la n n in g  th e  la n d  use changes.
In  t h i s  s tu d y  th e  e f f e c t s  on s e le c te d  s o i l  p ro p e r t ie s  
and in d ic e s  o f  e r o d i b i l i t y  o f  r e a f fo r e s ta t io n  o f  d ry  s c le r o p h y l l  
f o r e s t  w ith  P inus ra d ia ta  and the  c o n s t ru c t io n  o f  m a jo r e n g in e e r in g  
works in  bo th  th e  d ry  s c le r o p h y l l  fo r e s t  and th e  p la n ta t io n  have 
been in v e s t ig a te d .
The e f f e c t s  o f  la n d  use changes have been documented by 
many w o rk e rs . In  p a r t i c u la r  s o i l  e r o d i b i l i t y  has been examined fo r  
many years  and a number o f  param ete rs  suggested as measures o f  th e  
e r o d i b i l i t y .  The s e le c t io n  o f  the  s o i l  p ro p e r t ie s  and in d ic e s  o f  
e r o d i b i l i t y  in v e s t ig a te d  was based on th e  r e s u l t s  o f  these  w o rke rs  and 
d ire c te d  tow ard  a sse ss in g  th e  e f f e c t s  o f  th e  la n d  use changes on 
two m a jo r s o i l  ty p e s , g r a n ite  and s h a le . However th e  most e f f i c i e n t  
pa ram ete rs  to  assess th e  s ig n if ic a n c e  o f  changes in  lan d  use on s o i l  
p ro p e r t ie s ,  and in  p a r t i c u la r  e r o d i b i l i t y ,  a re  s t i l l  a t  is s u e , and 
th u s  a second im p o rta n t o b je c t iv e  o f  t h i s  s tu d y  was to  e v a lu a te  th e  
s e le c te d  p ro p e r t ie s  as measures o f  changes in  la n d  use.
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The d i f f i c u l t i e s  encounte red  by many w orke rs  in  d e te rm in in g  
a c c e p ta b le  in d ic e s  o f  e r o d ib i ' l i t y  a re  i l l u s t r a t e d  by th e  r e s u l t s  from  
t h is  s tu d y  in  th a t  some o f  the  s o i l  p ro p e r t ie s  measured do n o t in d ic a te  
a change even w ith  such a d r a s t ic  la n d  use change as the  c o n s tru c t io n  
o f  the  p ip e l in e .  Such r e s u l t s  c a s t doub ts  on th e  s u i t a b i l i t y  o f  
measurement o f  these  p ro p e r t ie s  as p r a c t ic a l  methods f o r  a ssess ing  
changes in  fo r e s t  la n d  use.
5 .2  EVALUATION OF SOIL PROPERTIES AS MEASURES OF THE EFFECTS OF 
CHANGES IN FOREST MANAGEMENT ON SOIL ERQDIBILITY
A number o f  th e  p ro p e r t ie s  measured in  t h is  s tu d y  showed no 
s ig n i f ic a n t  changes among th e  fo r e s t  land  uses in v e s t ig a te d  and w h ile  
th e y  may be u s e fu l f o r  o th e r  purposes, i t  is  conc luded th a t  these  
p ro p e r t ie s  a re  n o t s u ita b le  param ete rs  f o r  th e  assessm ent o f  changes 
in  e r o d i b i l i t y  a r is in g  from  changes in  f o r e s t  la n d  use . The 
p ro p e r t ie s  a re  (T a b le s  4 .7  and 4 .1 4 )  -  
. S o i l  c o lo u r  
. S o i l  m o is tu re  c o n te n t
There a re  a number o f  a pp a re n t anom a lies  in  th e  r e s u l t s .
For exam ple, T ab le  4 .1 9  shows th a t  on th e  b a s is  o f  the  measured va lu e s  
o f  th e  D is p e rs io n  R a t io ,  s teep  s lo p e s  on bo th  typ e s  o f  s o i l  a re  le s s  
s u s c e p t ib le  to  e ro s io n  than  s h a llo w  s lo p e s . T h is  is  c o n t ra ry  to  much 
e m p ir ic a l f i e l d  e v id e n c e . The r e s u l t s  a ls o  su g g e s t, aga in  on the  
b a s is  o f  th e  measured v a lu e s  o f  th e  D is p e rs io n  R a t io ,  th a t  bo th  o f  the  
s o i l  ty p e s  s tu d ie d  ( g r a n ite  and s h a le ) a re  e ro d ib le  b u t f i e l d  
o b s e rv a tio n s  re v e a le d  no a c t iv e  e ro s io n .
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The anomalies lie in the relative importance of the 
parameters used in assessing the effects of the land use changes 
and while soil properties may be indicative of relative susceptibility 
of erosion, there are often very important physical factors which 
may reduce the risk of erosion of normally erodible soils. Four 
factors have been studied or noted, viz., vegetative cover, ground 
litter cover, slope and rainfall intensity.
That the erodible soils on the steep slopes of this study 
are not actually eroding suggests that, on granite and shale within 
the range of slopes investigated, ground cover is more important in 
determining actual erodibility status than both slope and physical 
soil properties. It is concluded that on the sites investigated 
changes in ground cover resulting from land use changes and the 
management of the ground cover are the most important determinants 
of changes in erosion.
The results in this study suggest that the ranking of the 
sites investigated in terms of vegetative cover is:- 
(lj Pine Forest
(2) Eucalypt
(3) Gravity Main Revegetation.
Thus mature pine forest can reduce the risk of erosion and the 
construction of engineering works can increase the risk of erosion 
even when considerable care is taken to establish a ground cover.
There are occasions, under the management regimes 
investigated in this study, when the physical properties of the soil 
become the paramount consideration in assessing changes in the risk
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o f  e ro s io n .  They a re  u s u a lly  o f  r e la t i v e l y  s h o r t  term  d u ra t io n  and 
would o ccu r when th e  e x is t in g  v e g e ta t io n  is  removed o r  d e s tro ye d  
by, f o r  exam ple, f i r e  o r  by m echan ica l o r chem ica l means and b e fo re  
new v e g e ta t io n  has been re -e s ta b l is h e d .  T h is  s tu d y , based on 
th e  re p o r te d  r e s u l t  o f  o th e r  w o rks , suggests  th a t  th e  measurement o f  
s o i l  p ro p e r t ie s  is  a s u ita b le  means to  e v a lu a te  r e la t iv e  e r o d ib i l i t i e s  
o f  exposed s o i l s .
In  th e  s tu d y , th e  d is p e rs io n  r a t io  and c la y  r a t i o  v a r ie d  
in  th e  same way a t  d i f f e r e n t  s i t e s ,  and showed a s ig n i f ic a n t  p o s i t iv e  
c o r r e la t io n  (p  = 0 .0 5 ) .  T h is  in d ic a te s  th a t  e i t h e r  r a t i o  w i l l  se rve  
e q u a lly  w e ll  as an index o f  s o i l  e r o d ib i l i t y .  O f th e  o th e r  in d ic e s ,  
°/o L o l showed a h ig h ly  n e g a tiv e  c o r r e la t io n  (p  = 0 .0 2 ) w ith  th e  
d is p e rs io n  r a t i o  and a h ig h  p o s i t iv e  c o r r e la t io n  (p « *s 0 .0 5 ) w ith  
agg rega te  s t a b i l i t y .  The b u lk  d e n s ity ,  t o t a l  p o r o s ity  and non­
c a p i l la r y  p o r o s ity  were a ls o  h ig h ly  c o r re la te d  [p  = 0 .0 0 1 ) w ith  each 
o th e r  and b u lk  d e n s ity  was p o s i t i v e ly  c o r re la te d  (p  = 0 .0 5 ) w ith  
p e n e tra t io n .  The s tu d y  sugges ts  th e re fo re  th a t  co m b in a tio n s  o f  
measures o f  agg rega te  s t a b i l i t y ,  d is p e rs io n  r a t io ,  p e n e tra t io n  and 
o rg a n ic  m a tte r  c o n te n t would p ro v id e  in d ic e s  f o r  in d ic a t in g  r e la t i v e  
e r o d i b i l i t y  under s im i la r  c o n d it io n s ,  such as s lo p e  and r a i n f a l l .
A c c e p tin g  th e  c o r r e la t io n s  de te rm ined  from  th e  measurements 
o t s o i l  p ro p e r t ie s  made in  t h i s  s tu d y , then  measurement o f  L o l and 
p e n e tra t io n  would p ro v id e  a re a son a b le  b a s is  b y .a s s e s s in g  the  
l i a b i l i t y  to  e ro s io n  i f  th e re  has been a change in  th e  e r o d ib i l i t y  
o f  a s o i l  as a consequence o f  changes in  fo r e s t  la n d  use.
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5 .3  REVIEW ÜF RESULTS
The r e s u l t s  a re  summarised in  T ab le  4 .2 0 .
A t a l l  s i t e s  w i th in  the  s tu d y  a rea  i t  was observed  th a t  
g round co v e r was adequate  to  p r o te c t  th e  s o i l  from  th e  d e ta c h in g  and 
t r a n s p o r t in g  power o f  r a i n f a l l .  Thus a f t e r  r e a f f o r e s ta t io n  p ra c t ic e s  
and e n g in e e r in g  w orks accompanied by re v e g e ta t io n  m easures, s u f f i c i e n t  
g round c o v e r deve loped  to  a f fo r d  p r o te c t io n  o f  th e  s o i l  from  r a i n f a l l  
im p a c tio n  and hence reduce  th e  l ik e l ih o o d  o f  s o i l  e ro s io n .  The 
p in e  fo r e s t  s i t e s  had the  maximum c o v e r o v e r a l l  on b o th  g r a n i t e  and 
s h a le  s o i l s .  In  a l l  cases g round co v e r was g re a te r  on g r a n i te  s o i l s  
and i t  is  conc luded  th a t  th e se  fa v o u r  th e  deve lopm ent o f  v e g e ta t iv e  
ground c o v e r to  a g re a te r  e x te n t  than  the  s o i ls  o f  sh a le  o r ig in .
Changes in  pH, f e r t i l i t y  s ta tu s  and c a t io n s ,  as a r e s u l t  
o f  th e  changes in  la n d  use, v e g e ta t io n  typ e  and management, were 
found to  v a ry  a c c o rd in g  to  d i f fe r e n c e s  in  s o i l  o r ig in ,  s lo p e  and th e  
la n d  use change .
S o i l  r e a c t io n  (pH ) v a lu e s  on sh a le  s o i l s  were lo w e r than  
th o se  on g r a n ite  s o i l ,  under th e  same ty p e  o f  v e g e ta t io n  and s lo p e . 
Both th e  e s ta b lis h m e n t o f  p in e  p la n ta t io n s  on fo rm e r ly  d ry  s c le r o p h y l l  
f o r e s t ,  and e n g in e e r in g  w orks fo llo w e d  by re v e g e ta t io n ,  caused an 
in c re a s e  in  pH v a lu e s , w h ich  however, was n o t c r i t i c a l  s in c e  
pH v a lu e s  were w i th in  th e  range o f  5.1 and 5 . 8 .
The p resence  o f  more d iv a le n t  c a t io n s  is  l i k e l y  to  enhance 
a g g re g a tio n  and hence im prove i n f i l t r a t i o n  c h a r a c t e r is t ic s .  The 
measurements o f  c a t io n s  in  t h i s  s tu d y  th e re fo re  sugges t t h a t ,  o th e r
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f a c t o r s  b e in g  e q u a l,  s h a le  s o i l  i s  more s u s c e p t ib le  to  e ro s io n  th a n  
g r a n i t e  and r e a f f o r e s t a t io n  and e n g in e e r in g  in c re a s e  th e  r i s k  o f  
e r o s io n .
A d e c l in e  in  f e r t i l i t y  s ta tu s  i s  in d ic a te d  by 
th e  m easured changes in  n it r o g e n  and phosph o rus  le v e ls .
The le v e ls  o f  t o t a l  n i t r o g e n  and phosph o rus  d e c re a se  when 
d ry  s c le r o p h y l l  f o r e s t  i s  changed to  r a d ia t a  p in e  p la n t a t io n .  The 
r e s u l t s  a ls o  in d ic a te d  t h a t  d e s t r u c t io n  o f  s u r fa c e  s o i l  due to  
e n g in e e r in g  w o rks  caused a d e c l in e  in  n i t r o g e n  and p h osph o rus  le v e ls  
in  s p i t e  o f  f e r t i l i z a t i o n  and r e v e g e ta t io n  w i th  lo w  s h ru b s , g ra s s  
and c lo v e r .  T h is  c o n f irm s  th e  r e s u l t  o f  o th e r  w o rks  and , w h i le  th e  
s ig n i f i c a n c e  o f  t h i s  in  te rm s  o f  f o r e s t  management i s  beyond th e  
scope o f  t h i s  s tu d y ,  i t  i s  o f  c r i t i c a l  im p o rta n c e  to  r e t a in  g ro u n d  
c o v e r  in  p e r p e tu i t y  i f  e ro s io n  i s  t o  be p re v e n te d .
The p e n e t r a t io n  t e s t  in d ic a te d  b e t t e r  i n f i l t r a t i o n  on 
s h a llo w  s lo p e s  th a n  s te e p  s lo p e s  b u t th e  s o i l  on s h a llo w  s lo p e s  is  
d is p e rs e d  more th a n  th e  s o i l  on s te e p  s lo p e s .  I t  i s  p ro b a b le  t h a t  
th e  d is p e rs e d  s o i l  p a r t i c le s  on th e  s te e p  s lo p e s  had been e roded  away 
to  th e  s h a llo w  s lo p e  and movement o f  p a r t i c le s  by r a in d r o p s  w ou ld  be 
g r e a te r  on s h a llo w  th a n  s te e p  s lo p e s .  T h is  w ou ld  be o f f s e t  by th e  
g r e a te r  e n e rg y , p e r  u n i t  vo lum e o f  w a te r ,  a v a i la b le  t o  move p a r t i c le s  
down th e  s te e p  s lo p e s .  Thus w h i le  d is p e r s io n
m easurem ent in d ic a te s  t h a t  s h a llo w  s lo p e s  a re  more s u s c e p t ib le  to  
e ro s io n  th a n  s te e p  s lo p e s  i t  i s  c o n c lu d e d  t h a t  th e  e f f e c t s  o f  s lo p e  
on e ro s io n  can be more im p o r ta n t  in  d e te rm in in g  e ro s io n  th a n  s o i l
p r o p e r t ie s .
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C om paction  i s  h ig h e r  on th e  p ip e l in e  r e v e g e ta t io n  a re a  th a n  
u n d e r b o th  th e  p in e  and e u c a ly p t  fo r e s t s  b u t th e re  were no s i g n i f i c a n t  
d i f f e r e n c e s  betw een p in e  and e u c a ly p t .  T hus, on th e  b a s is  o f  changes 
in  c o m p a c tio n , th e  r i s k  o f  e ro s io n  in  a m a tu re  p la n ta t io n  i s  n o t 
s i g n i f i c a n t l y  d i f f e r e n t  t o  th e  d r y  s c le r o p h y l l  i t  re p la c e d ,  b u t 
e n g in e e r in g  w o rks  have in c re a s e d  th e  r i s k  o f  e r o s io n .
On th e  b a s is  o f  M id d le to n 's  D is p e rs io n  R a t io  a l l  th e  s o i l s  
w i t h in  th e  s tu d y  a re a  a re  e r o d ib le  s o i l s .  C la y  r a t i o ,  g r a v e l 
c o n te n t ,  p e rc e n t L o l  and d is p e r s io n  a l l  in d ic a te  t h a t  g r a n i t e  s o i l  
i s  more l i k e l y  t o  be e roded  th a n  s h a le  s o i l ,  g iv e n  th e  same ty p e  o f  
v e g e ta t io n  and s lo p e .  S o i l  o f  s h a le  o r ig in  u n d e r e u c a ly p t  a p p e a rs  
t o  be th e  le a s t  d is p e rs e d  com pared to  g r a n i t e  and b o th  s o i l s  u n d e r 
p in e  and p ip e l in e  r e v e g e ta t io r i .
The in d ic e s  o f  e r o d i b i l i t y ,  nam ely  d is p e r s io n  r a t i o ,  c la y  
r a t i o ,  o rg a n ic  m a t te r  c o n te n t  (°/o L o l ) ,  and a g g re g a te  s t a b i l i t y  a l l  
in d ic a te d  t h a t ,  i f  e xp o se d , s o i l  o f  s h a le  o r i g i n  w i l l  be more l i a b l e  
to  e ro d e  a f t e r  e u c a ly p ts  a re  re p la c e d  by p in e  p la n ta t io n s  o r  
rem oved by e n g in e e r in g  w o rk s . Such p r a c t ic e s  in c re a s e  th e  s o i l  
p o r o s i t y  b u t cause no s i g n i f i c a n t  change in  g r a v e l  c o n te n t .
In  v ie w  o f  th e  g e n e ra l f in d in g  t h a t ,  when exposed , th e  s o i l  
o f  s h a le  o r i g i n  i s  more l i a b l e  to  e ro d e  a f t e r  e u c a ly p ts  a re  re p la c e d  
by p in e  p la n ta t io n s  o r  rem oved by e n g in e e r in g  w o rk s , f i e l d  in v e s t ig a t io n s  
w ere made on f i r e - b r e a k s ,  c le a r in g s  a s s o c ia td  w i th  e l e c t r i c i t y  
t r a n s m is s io n  l i n e s ,  a cce ss  t r a c k s ,  th e  p ip e l in e  bench and p la n ta t io n s  
w i t h in  th e  s tu d y  and s u r ro u n d in g  a re a s . The a re a s  in s p e c te d  were 
g e n e r a l ly  w e l l  co v e re d  w i th  v e g e ta t io n  w i th  no s ig n s  o f  s o i l  e r o s io n .
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In  some s e c t io n s  o f  th e  f i r e - b r e a k s  th e re  was a v e ry  s p a re  v e g e ta t iv e  
c o v e r  and s ig n s  o f  s h e e t e ro s io n  were e v id e n t .  Thus w h ile  th e  s tu d y  
has in d ic a te d  t h a t  th e  s h a le  s o i l s  may have become more p ro n e  to  
e ro s io n ,  e ro s io n  i s  n o t o c c u r r in g  where th e re  i s  a good canopy and 
g ro u n d  c o v e r .
5 .4  APPLICATION OF RESULTS
S o i l  e ro s io n  i s  th e  r e s u l t  o f  in a p p r o p r ia te  la n d  use and 
management. T h e re fo re  t o  a v o id  e r o s io n ,  i t  i s  n e c e s s a ry  to  assess  
th e  l i k e l i h o o d  o f  e ro s io n  u n d e r v a r io u s  management p r a c t ic e s ,  such 
as r e a f f o r e s t a t io n ,  e n g in e e r in g  c o n s t r u c t io n  and p re s c r ib e d  b u rn in g .
The s tu d y  s u g g e s ts  t h a t  an in c re a s e  in  th e  r i s k  o f  e ro s io n  o f  exposed 
s o i l  o c c u rs  a f t e r  th e  re p la c e m e n t o f  e u c a ly p t  p a r t i c u l a r l y  on s h a le  
s o i l s  and t h a t  i t  i s  im p o r ta n t  to  p ro v id e  and r e t a in  g ro u n d  c o v e r  
in  p la n t a t io n  e s ta b l is h m e n t  and e n g in e e r in g  c o n s t r u c t io n .
T he re  i s  a need f o r  a q u ic k  f i e l d  method f o r  a s s e s s in g  s o i l  
p r o p e r t ie s  in  r e l a t i o n  t o  e r o d i b i l i t y .  The s tu d y  in d ic a te d  t h a t  
w h i le  e i t h e r  M id d le to n 's  D is p e rs io n  R a t io  o r  B ouyoucos ' c la y  r a t i o ,  
and p e n e t r a t io n  w ou ld  a c h ie v e  t h i s ,  g round  c o v e r  and s lo p e  m ust a ls o  
be m easu red .
5 .5  SUMMARY
S o i l  e r o d i b i l i t y  may be assessed  e i t h e r  by a c tu a l  m easurem ent 
o f  s o i l - l o s s  u n d e r c o n t r o l le d  c o n d i t io n s  o r  by th e  r e c o g n i t io n  o f  
c e r t a in  s o i l  p r o p e r t ie s  as in d ic e s  o f  e r o d i b i l i t y .  A co m p re h e n s ive  
re v ie w  o f  p re v io u s  w o rk  on s o i l  e ro s io n ,  w i th  em phasis  on th e  e f f e c t s
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□ f  f o r e s t  management p r a c t ic e s  on s o i l  e r o d i b i l i t y ,  in d ic a te d  t h a t  a 
la r g e  number o f  d iv e r s e  p r o p e r t ie s  have been su g g e s te d  f o r  th e  
assessm ent o f  s o i l  e r o d i b i l i t y .
S e le c te d  p a ra m e te rs  and some p r o p e r t ie s  o f  s o i l  were s tu d ie d  
u n d e r d i f f e r e n t  v e g e ta t io n  c o v e r  and s o i l  o r i g i n  and a n a ly s e d  in  
r e l a t i o n  to  th e  e f f e c t s  on them o f  p la n ta t io n  e s ta b lis h m e n t and th e  
c o n s t r u c t io n  o f  e n g in e e r in g  w o rk s .
W ith in  th e  s tu d y  a re a , th e re  was adequ a te  g round  c o v e r  to  
p r o te c t  th e  s o i l  fro m  th e  d e ta c h in g  and t r a n s p o r t in g  power o f  r a i n f a l l ,  
and more th a n  enough b iom ass o f  f o r e s t  l i t t e r  a ccu m u la te d  to  c o n t r o l  
s u r fa c e  r u n o f f  and s o i l  e r o s io n .
□n th e  b a s is  o f  M id d le to n * s  d is p e r s io n  r a t i o s ,  a l l  th e  
s o i l s  w i t h in  th e  s tu d y  a re a  a re  * e r o d ib le '  s o i l s .
The c la y  r a t i o ,  g r a v e l  c o n te n t  and % L o l ,  in d ic e s  a l l  
in d ic a te d  t h a t  g r a n i t e  s o i l  i s  more l i k e l y  t o  be e roded  th a n  s h a le  
s o i l ,  g iv e n  th e  same ty p e  o f  v e g e ta t io n  and s lo p e .
In d ic e s  o f  s o i l  e r o d i b i l i t y ,  such as d is p e r s io n  r a t i o ,  c la y  
r a t i o ,  o rg a n ic  m a t te r  c o n te n t  (°/o L o l ) ,  and a g g re g a te  s t a b i l i t y  
in d ic a te d  t h a t  i f  exposed th e  s o i l  o f  s h a le  o r i g i n  w i l l  be more 
l i a b l e  to  e ro d e  a f t e r  e u c a ly p ts  a re  re p la c e d  by p in e  p la n ta t io n s  o r  
rem oved by e n g in e e r in g  w o rk s .
The s tu d y  s u g g e s ts  t h a t  e i t h e r  M id d le to n 's  (1 9 3 0 ) d is p e r s io n  
r a t i o  o r  Bouyoucos (1 9 3 5 ) c la y  r a t i o  and p e n e t r a t io n  w ou ld  s e rv e  as 
in d ic e s  o f  e r o d i b i l i t y .
The s tu d y  d e m o n s tra te s  th e  c r i t i c a l  im p o rta n c e  o f  v e g e ta t iv e  
c o v e r  in  m o d ify in g  e r o s io n ,  and t h a t  c o v e r  and s lo p e  may be more
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im p o rta n t in  a ssess ing  e ro s io n  than  to  d i f f e r e n t ia t e  between s o i ls  
o f  g r a n ite  and sh a le  o r ig in .  N e ve rth e le s s  th e re  a re  s ig n i f i c a n t  
d if fe re n c e s  between th e  e f f e c t s  o f  r e a f fo r e s ta t io n  and e n g in e e r in g  
works on th e  p ro p e r t ie s  o f  g r a n ite  and sh a le  and th u s  a f t e r  s o i l  
c la s s i f i c a t io n ,  ground c o v e r , s lo p e  and s o i l  p ro p e r t ie s  sh ou ld  a l l  
be measured f o r  an a c c u ra te  assessm ent o f  s u s c e p t ib i l i t y  to  e ro s io n .
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APPLNDIX I  V o c a b u la ry  o f  S o i l  S c ie n ce
(A b s t ra c te d  from  FAO M u l t i l i n g u a l  V o c a b u la ry  o f  S o i l  
S c ie n c e , 1966)
a c c e le ra te d  e ro s io n  -  An in c re a s e  in  th e  r a t e  o f  e ro s io n ,  caused 
by th e  a c t i v i t i e s  o f  man.
a g g re g a te  -  S t r u c t u r a l  u n i t  c o n s is t in g  o f  more th a n  one p r im a ry  
p a r t i c l e .
a i r - d r y  -  M o is tu re  c o n te n t  in  e q u i l ib r iu m  w ith  s u r ro u n d in g  a i r .  
a l l u v i a l  -  D e p o s ite d  fro m  f lo w in g  o r  s t i l l  w a te r .  
a v a i la b le  -  C apab le  o f  b e in g  ta k e n  up by p la n ts .  
base le v e l  o f  e ro s io n  -  The lo w e s t  le v e l  to  w h ich  a s tre a m  can 
e ro d e  i t s  b e d .
b u lk  d e n s i t y  (a p p a re n t d e n s i t y ) -  Mass o f  d r y  s o i l  p e r  u n i t  vo lu m e . 
c a p i l l a r y  w a te r  -  W ater r e ta in e d  in  p o re s  p r im a r i l y  by s u r fa c e  
te n s io n .
c a rb o n -n it r o g e n  r a t i o  -  W e igh t r a t i o  o f  o rg a n ic  c a rb o n  to  t o t a l  
n i t r o g e n .
c a tc h m e n t b a s in  (d ra in a g e  b a s in ) -  D i s t r i c t  d ra in a g e d  by a r i v e r  
and i t s  t r i b u t a r i e s .
c a t io n  exchange -  R ep lacem en t o f  a s u r fa c e  v a le n c e -h e ld  c a t io n  by 
a n o th e r .
c la y  -  P a r t i c le s  o f  d ia m e te r  le s s  th a n  0.G 02 mm. 
c la y - c o l l o i d  -  c la y  p a r t i c l e s  o f  d ia m e te r  le s s  th a n  D.001 mm. 
c la y  f r a c t io n  -  C la y  d is t in g u is h e d  fro m  c o a rs e r  s o i l  p a r t i c l e s .  
c lo y  pan -  Dense s u b s o i l  h o r iz o n  h ig h  in  c la y  c o n te n t .  
c lo d  -  Lump o f  s o i l  m a te r ia l  c re a te d  by human d is tu r b a n c e .
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c o h e s io n  -  The p r o p e r ty  o f  p a r t i c le s  s t i c k in g  to g e th e r  t o  fo rm  an 
a g g re g a te .
c o n s is te n c e  -  The d e g ree  o f  c o h e s io n  o f  s o i l  o r  s o i l  a g g re g a te s ; 
r e s is ta n c e  to  d e fo rm a t io n ;  f e e l  to  th e  f in g e r s .
crum b -  Rounded, p o ro u s  and s o f t  a g g re g a te  up to  10 mm in  d ia m e te r .
d e b r is  -  A c c u m u la tio n  o f  b roken  r o c k ,  s o i l  m a te r ia l ,  o rg a n ic  
r e s id u e s ,  e t c .
de g re e  o f  a g g re g a t io n  -  M easure o f  th e  p r o p o r t io n  in  w h ich  a g g re g a te s  
a re  p re s e n t .
d e g ree  o f  d is p e r s io n  -  E x te n t  to  w h ich  a g g re g a te s  a re  b ro ke n  down 
by a g iv e n  t r e a tm e n t .
e xch a n g e a b le  -  D e s c r ib e s  io n s  c a p a b le  o f  re p la c e m e n t in  th e  
a b s o rb in g  c o m p le x .
exchange c a p a c i ty  -  M i l l i e q u iv a le n t s  o f  io n s  t h a t  can be abso rbed  
by 100 g o f  m a te r ia l  a t  a s p e c i f i c  pH.
f a l lo w  -  C o n d it io n  o f  s o i l  l e f t  w i th o u t  c ro p  f o r  a t im e .
f i e l d  c a p a c i t y  -  W ater h e ld  in  a w e l l  d ra in e d  s o i l  a f t e r  e xce ss  has 
d ra in e d  away and r a t e  o f  downward movement has m a t e r ia l l y  
d e c re a s e d .
f i lm  w a te r  -  W ater r e ta in e d  in  la y e r s  t h ic k e r  th a n  one o r  tw o
m o le c u le s  on th e  s u r fa c e  o f  p a r t i c le s  in  u n s a tu ra te d  s o i l .
f in e  e a r th  -  G o i l  p a s s in g  th ro u g h  2 mm s ie v e  w ith o u t  g r in d in g  
p r im a ry  p a r t i c l e s .
g le y  -  M o t t l in g  in  th e  s o i l  p roduced  by p a r t i a l  o x id a t io n  and r e d u c t io n  
o f  i r o n  caused by i n t e r m i t t e n t  w a te r lo g g in g - .
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g ra n u le ! -  Rounded a g g re g a te  o f  i r r e g u la r  shape up to  10 mm in  d ia m e te r  
w h ich  i s  h a rd  and r e l a t i v e l y  n a n -p o ro u s . 
g ra v e l -  P a r t i c le s  betw een 20 and 2 mm in  d ia m e te r .  
f f u l l y  -  L a rg e  c h a n n e l c u t  by ( i n t e r m i t t e n t l y )  ru n n in g  w a te r .  
i f u l l y  e ro s io n  -  E ro s io n  t h a t  c u ts  deep c h a n n e ls  ( g u l l i e s )  in t o  la n d .  
h o r iz o n  -  S o i l  la y e r  w i th  fe a tu r e s  p roduced  by s o i l - f o r m in g  p ro c e s s e s .
A h o r iz o n  -  The uppe rm ost la y e r s  o f  a s o i l  p r o f i l e  where
a c c u m u la t io n  o f  o rg a n ic  m a t te r  and d e v i a t i o n  commonly o c c u r .
B h o r iz o n  -  P a r t  o f  a s o i l  p r o f i l e  be low  th e  A h o r iz o n ;  u s u a l ly  
i l l u v i a l .
] h o r iz o n  -  H o r iz o n  o f  w e a th e re d  ro c k  m a te r ia l  l i t t l e  a f f e c te d  
by b io lo g ic a l  s o i l - f o r m in g  p ro c e s s e s .
D h o r iz o n  -  LJnweathered ro c k  be low  th e  C h o r iz o n .
F h o r iz o n  (F  l a y e r ) -  L a y e r o f  ( u s u a l ly  f o r e s t )  s o i l  c o n s is t in g  
o f  p a r t l y  decomposed p la n t  r e s id u e s .
G h o r iz o n  -  The h o r iz o n  in  w h ich  g le y  o c c u rs .
H h o r iz o n  (H l a y e r ) -  O rg a n ic  la y e r  o f  ( u s u a l ly  f o r e s t )  s o i l s  
w i th  d a r k -c o lo u re d  s t r u c tu r e le s s  humus.
e lu v ia l  h o r iz o n  -  la y e r 1 from  w h ich  m a te r ia l  has been rem oved 
in  s o lu t io n  o r  in  w a te r  s u s p e n s io n  arid in  w h ich  s i l t - a n d  
s a n d -s iz e  p a r t i c l e s  have become c o n c e n tra te d .
i l l u v i a l  h o r iz o n  -  H o r iz o n  t h a t  has re c e iv e d  m a te r ia l  in  s o lu t io n  
o r  s u s p e n s io n  from  th e  u p p e r p a r t  o f  th e  s o i l .  
humus -  The am orphous ( c o l l o i d a l )  o rg a n ic  m a t te r  o f  s o i l .  
h yd ro rn o rp h ic  -  D eve lope d  in  p re se n ce  o f  excess  w a te r  - a l l  o r  p a r t
o f  th e  t im e .
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im m ature  -  L a c k in g  a f u l l y  d e ve lo p e d  p r o f i l e .
i n f i l t r a t i o n  -  Movement o f  w a te r  in t o  s o i l .
land  s l id e  -  (1 J R ap id  movement down h i l l  o f  a mass o f  s o i l ,  ro c k  
o r  d e b r is ;
( 2 )  Mass o f  m a te r ia l  t h a t  has s l ip p e d  down h i l l .
le a c h  -  Remove s o lu b le  m a te r ia l  by p a s s in g  a l i q u i d  th ro u g h  s o i l .
I i t  t e r  -  Leaves and o th e r  undecomposed re s id u e s  l y in g  lo o s e ly  on 
th e  s o i l .
loam -  S o i l  h a v in g  c la y  and c o a rs e r  p a r t i c le s  in  p r o p o r t io n s  w h ich  
u s u a l ly  fo rm  a p e rm e a b le , f r i a b l e  m ix tu r e .
lo s s  on i g n i t i o n  -  Loss in  w e ig h t caused by h e a t in g  to  re d n e s s  s o i l  
p r e v io u s ly  d r ie d  a t  105°C .
lo w e r  p la s t i c  l i m i t  -  Minimum m o is tu re  c o n te n t  p e r m i t t in g  d e fo rm a t io n  
o f  a s m a ll s o i l  sam ple  w ith o u t  r u p tu r e .
manure -  A n im a l e x c re ta  w i th  o r  w i th o u t  s tra w  o r  o th e r  l i t t e r .
m a tu re  -  H av ing  a f u l l y  d e ve lo p e d  p r o f i l e .
maximum w a te r - h o ld in g  c a p a c i ty  -  Amount o f  w a te r  r e ta in e d  by a s h a llo w  
la y e r  o f  s o i l  in  e q u i l ib r iu m  w ith  a w a te r  ta b le  a t  i t s  
lo w e r  s u r fa c e .
m e c h a n ic a l a n a ly s is  -  P a r t i c le - s iz e - a n a ly s is  -  th e  d e te rm in a t io n  
o f  f r a c t io n s  by w e ig h t o r  mass, based on th e  s e p a ra t io n  
o f  p r im a ry  s o i l  p a r t i c l e s  in t o  g ro u p s  a c c o rd in g  to  
" e f f e c t i v e "  d ia m e te rs .
m e llow  -  P o ro u s , s o f t e r  th a n  f r i a b l e ,  w i th o u t  te n d e n c y  to  become
c o m p a c t.
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r r i in c ra liz a t io n  -  R e lease  e f  m in e ra l m a t te r  from  o rg a n ic  c o m b in a t io n  
by d e c o m p o s it io n .
m o is tu re  -  W ater t h a t  can be rem oved fro m  s o i l  by h e a t in g  a t  10 5 °C . 
rnor (ra w  humus) -  Ao h o r iz o n  unm ixed w ith  and s h a rp ly  dem arca ted  
fro m  th e  u n d e r ly in g  m in e ra l h o r iz o n .  C o n s is ts  o f  L , F 
and H h o r iz o n s .
m o rp h o lo g y  -  P a t te rn  o f  h o r iz o n s  and t h e i r  o b s e rv a b le  p r o p e r t ie s  
t h a t  make up th e  s o i l .
m u ll  [m i ld  humus) -  Humus (m ost o f te n  f o r e s t  humus) la y e r  o f  m ixed 
o rg a n ic  and m in e ra l m a t te r  w ith  a g ra d u a l t r a n s i t i o n  t o  
th e  u n d e r ly in g  m in e ra l h o r iz o n .  
m y c o r rh iz a  -  S y m b io t ic  a s s o c ia t io n  o f  fu n g i  and r o o t s .  
n u t r i e n t  -  S u b s ta n ce  r e q u ir e d  f o r  p la n t  g ro w th .  
p a re n t m a te r ia l  -  U n c o n s o lid a te d  m a te r ia l  fro m  w h ich  a s o i l  i s  
fa rm e d .
p a re n t r o c k  -  The ro c k  fro m  w h ich  p a re n t m a te r ia l  i s  fo rm e d . 
p e d o g e n e s is  -  The fo rm a t io n  o f  s o i l  fro m  p a re n t m a te r ia l .  
p e r m e a b i l i t y  -  R ead ine ss  w i th  w h ich  a i r  o r  w a te r  can pass th ro u g h
s o i l ,  in  p a r t i c u l a r ,  c o e f f i c i e n t  in  p e r t in e n t  f lo w  e q u a t io n .  
p l a s t i c  -  C apab le  o f  u n d e rg o in g  d e fo rm a t io n  w ith o u t  r u p tu r e .  
p low  (p lo u g h )  s o le  -  L a y e r o f  s o i l  com pacted by passage o f  th e  p low  
( p lo u g h ) .
p o r o s i t y  (p o re  sp a ce ) -  F r a c t io n  o f  th e  t o t a l  s o i l  vo lum e n o t o c c u p ie d
by s o l id  p a r t i c l e s .
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capillary porosity - Volume of small pores in soil that hold 
water by capillarity.
non-capillary porosity - Volume of large pores in soil that do 
not hold water by capillarity.
primary particle (ultimate particle) - The single particle or organic 
micelle after complete dispersion of aggregates.
profile - Vertical section of soil showing sequence of horizons 
from surface to parent material.
rill erosion - Formation of small channels by the uneven removal 
of surface soil by running water.
sand - Particles of diameter 2-0.02 mm.
coarse sand - Particles of diameter between 2 and 0.2 mm. 
fine sand - Particles of diameter between 0.2 and 0.02 mm.
sedimentation analysis - Separation of particles depending on rate of 
settling in a fluid.
sheet erosion - The gradual, uniform removal of surface soil by 
water.
shifting sand - Sand continuously moved by wind.
silica-sesquioxide ratio - The molecular ratio SiQ^AAl^O^ + Fa^O^)
= Si02/R203.
silt - Particles of diameter 0.02 - 0.002 mm.
silt and clay - Particles smaller than 0.02 mm that do not readily 
settle out of water and can be separated by decantation.
soil creep - Slow movement of soil material under the force of gravity.
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s t ic k y  p o in t -  Maximum m o is tu re  c o n te n t a t  which kneaded s o i l  ceases  
to  s t ic k  to  a k n i f e .
s t r ip  cropp ing  -  P ra c t ic e  o f  growing ( d i f f e r e n t )  crops in  ( a l t e r n a t e )  
s t r ip s  a long  co n to u rs  or across p r e v a i l in g  d ir e c t io n  o f  
w in d .
s tru c tu re  -  Arrangem ent o f  p rim ary  s o i l  p a r t ic le s  in  a g g re g a te s . 
s u b s o il -  P a r t  o f  a s o i l  between th e  la y e r  n o rm a lly  used in  t i l l a g e  
and th e  depth  to  which most p la n t  ro o o ts  grow. 
ta lu s  (c o llu v iu m ) -  D e t r i tu s  accum ulated a t  fo o t o f  a s teep  s lo p e . 
te x tu re  -  Com position o f  s o i l  in  re s p e c t o f  p a r t ic le  s iz e  
d is t r ib u t io n .
t i l t h  -  S ta te  o f  a g g re g a tio n  o f  s o i l  a f t e r  c u l t iv a t io n .  
to p s o il  -  The la y e r  o f  s o i l  moved in  c u l t i v a t io n ,  th e  A h o r iz o n .  
t o t a l  exchangeable bases ( s v a lu e ) -  M i l l ie q u iv a le n ts  o f  exchangeable  
m e ta l l ic  c a t io n s  in  100 g o f  absorb ing  com plex. 
upper p la s t ic  l i m i t  -  Minimum m o is tu re  c o n te n t a t  which s o i l  w i l l  
b a re ly  flo w  under a s tandard  s t re s s .  
w a te r log g in g  -  S ta te  o f  w a te r c o n te n t being h ig h e r than f i e l d  
c a p a c ity .
w atershed -  The to p o g rap h ic  boundary s e p a ra tin g  the w aters  flo w in g  
in to  d i f f e r e n t  r iv e r s  o r d ra in ag e  b a s in . 
w i l t in g  p o in t  ( w i l t in g  p e rc e n ta g e ) -  The maximum m o is tu re  percentage
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APPLNÜIX I I I  S o i l  M e c h a n ic a l A n a ly s is  by M o d if ie d  
Plummet B a lance
S tage  1 C oarse sand %
1 . S ie v e  s o i l  th ro u g h  a 2mm s ie v e  re m o v in g  g r a v e l ,  s to n e s , tw ig s  e t c .
2 . Weigh 2 5 g r .  (2 5  + 0 .1gm ) o f  th e  a i r  d r ie d  s ie v e d  s o i l  in t o  a 
600m l beake r
3 . Add 200m l d e io n is e d  w a te r
4 .  Add 5m l 1 .ON NaOH (40gm N a O H . l i t r e )
5 . S t i r  w i th  m e c h a n ic a l s t i r r e r  f o r  5 m in s , a t  a re a s o n a b ly  h ig h  
s p e e d .
6 .  T ra n s fe r  c o n te n ts  t o  p la s t i c  b o t t le
7 . Add 300m l d e io n is e d  w a te r
8 . Add 10ml 10P/o c a lg o n  (c a lg o n  = co m m e rc ia l Sodium h e xa rn e ta -p h o sp a te )
9 . C lo se  cap t i g h t l y  and shake b o t t le s  on s h a k e r f o r  tw o h o u rs .
10 . Remove b o t t le s  and s e p a ra te  c o n te n ts  th ro u g h  72 mesh s ie v e  
(0 .2m rn ). G e n t ly  w o rk  f in e  sand , s i l t  and c la y  th ro u g h  th e
mesh u s in g  ru b b e r  capped g la s s  ro d  and c o p io u s  amount o f  d e io n is e d  
w a te r  fro m  a w a s h - b o t t le . Volume s h o u ld  MPT exceed 1200m l.
11 . M a te r ia l  w h ich  has passed th ro u g h  s ie v e  i s  p la c e d  in  a 1250m l 
s e d im e n ta t io n  c y l i n d e r .  Make up to  1250ml e x a c t ly
12. Remove c o a rs e  sand fro m  s ie v e ,  p la c e  in  a w e ighed e v a p o ra t in g  
d is h
13. D ry  o v e r n ig h t  in  oven a t  105°C c o o l ,  w e ig h .
C a lc u la te :c o a rs e  sancf/o = w e ig h t o f  sand x 100
25
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APPENDIX I I I  ( C a n t ’d )
S ta g e  2 S i l t  and c l a y  %
14. S e t  up plummet b a la n c e  -  c a l i b r a t e  0°/o w i th  d e io n i s e d  w a te r  in  a 
1250ml c y l i n d e r  and 100°/o in  a  NaCl s o l u t i o n  ( I 7 . 5 5 g m / l i t r e )  in  
a n o t h e r  c y l i n d e r
15 . M easure a  b la n k  r e a d i n g  in  a  s o l u t i o n  o f  5ml NaOH, 10ml C a lgon , 
1235ml w a te r  ( d e i o n i s e d ) .  T h is  r e a d in g  i s  s u b t r a c t e d  from a l l  
r e a d i n g s  on s o i l  s u s p e n s i o n s ,  which r e p r e s e n t  p e r c e n ta g e  
p a r t i c u l a t e  m a t t e r  in  s u s p e n s io n  a t  25cm d e p th .
16 . A g i t a t e  t h e  s u s p e n s io n  t h o r o u g h ly  w i th  a  lo n g  p a d d le
17 . Note t h e  t im e  t h e  s u s p e n s io n  becomes s t i l l
10 . R e f e r  to  t a b l e  o f  s e t t l i n g  t im e s  a t  d i f f e r e n t  t e m p e r a t u r e s
19. Take t e m p e r a tu r e  b e f o r e  t h e  a p p r o p r i a t e  t im e
20 .  Move c y l i n d e r  c a r e f u l l y  b e n e a th  b a l a n c e ,  and e a s e  t h e  plummet 
s lo w ly  i n t o  t h e  s u s p e n s i o n ,  t a k i n g  c a r e  n o t  to  d i s t u r b  t h e  
s u s p e n s io n  u n d u ly .  A d ju s t  t h e  d e p th  o f  im m ersion w i th  k n u r le d  
knob so  t h a t  kn o t  on t h e  n y lo n  s t r i n g  i s  e x a c t l y  on t h e  w a te r  
s u r f a c e .  Read th e  p o i n t e r ,  and r e c o r d  t h i s  a s  °/o s i l t  and c l a y .
21 . Remove plummet and move c y l i n d e r  c a r e f u l l y  away f o r  f u r t h e r  
p e r i o d  o f  t im e  a s  d e te rm in e d  from s e t t l i n g  p e r io d  t a b l e
2 2 .  R ep ea t  1j9 and 2 0 .  Record r e a d i n g  a s  °/o c l a y
2 3 . S u b t r a c t  r e a d i n g  22 from r e a d in g  20 t o  g i v e  °/o s i l t .
S ta g e  3 % f i n e  sand
2 4 .  D ecan t and d i s c a r d  r e m a in in g  c l a y  s u s p e n s io n
2 5 .  Wash f i n e  sand  i n t o  400ml b e a k e r  w i th  mark a t  10cm from b o t to m .
F i l l  w i th  t a p  w a te r  t o  10cm mark
APPENDIX I I I  ( C o n t 'd )
2 6 . A g i ta te  and a f t e r  s e t t l i n g  between 5 and 6 m in u te s , c a r e f u l l y  
d e c a n t th e  c lo u d y  s u s p e n s io n , le a v in g  th e  f in e  sand
27 . R epeat p ro c e d u re  u n t i l  th e  s u s p e n s io n  i s  c le a r .
2 8 . P la c e  f in e  sand in  a w e ighed  e v a p o ra t in g  d is h ,  d ry  o v e r n ig h t  
a t  10GUC, c o o l and w e ig h .
2 9 . C a lc u la te :  °/o f i n e  sand = w e ig h t f in e  sand x 100
25 1
3 0 . °/o c o a rs e  sand + % f in e  sand + % s i l t  + °/o c la y  = 100
D e f ic ie n c y  = o rg a n ic  m a t te r .
S e t t l i n g  P e r io d s
25gm a i r '  d r y  s o i l ,  in  a 1250m l s e d im e n ta t io n  c y l in d e r  measured 
w ith  a P lummet b a la n c e  a t  25cm d e p th .
Temp. DC . S i l t  + C la y  C la y
o f  s u s p e n s io n M in s . S e c s . H r s . M ins
16 13 20 22 05
17 12 55 21 27
18 12 30 21 02
19 12 30 20 25
20 12 00 20 00
21 11 40 19 35
22 11 15 19 10
23 11 15 18 32
24 10 50 18 07
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